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. • Solar Energy R&aeapoh: ■ Making SfiUr Afte» the iVwcSlear tfodfeZ?. by'Mlen L. Hammond ' 
and William v. Meti. gclenee. July 16, 1977, \pp J24ll243. • CReprdnted from Science 
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CCopyright © 1977, by TheaAtlantic Monthly Companv, Bn^tfin / M^^^abhu^^^i-d ^ Reprtoted 
with permission,) . - ' - 

. , > The potential of ^olar energy for heating and electrical power la\ 

being proved by n^ierous scientists ^ engineers, and Innoikt^rs. ' ^ ^ 

Important ecological, economic, arS technical issues are raisrf in a 
case-study approach, ' , ^ 
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Tomb of IriMfer, Thgb^s—"th§ god of that city : 
became Amon^R^t god of Thebes and of thg sun." 



by Isaac Asimov \ 
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F Vw wiF€ a primiflvi penon waitbig 
through a long night; if It weri dirk 
aad ^iUff witlrno source, of fight and 
haat but perhips a ^noldering^lampfire^ if you could Hear 
tfira rustlmg^^^^^ predatory anunats tHat 

could sii.fa^ battir in thi dark than you coulaiif you could 
sleep no mor^^-what would be the greateit sf^t? 

It woi^d have to be the soft graying of the sky in the 
eaitg the bri^tening of the da^, whi^ brought the sure 
promise that, in a ^ort while, poking above the horizon, 
would oomi^ ^e sun itself, to inakii 1^ world light and 
Wtfm and secure, agidn. * ife 

. In dayii Wbuin thii workings of tfll urdyerse wer^ 
attributed to myriad gods, surely annong the chyief of them 
would Mve to be a sun^god» powerful and benefleantg for 
.toal^fe©i^d^humM 

qomm^d in the Bible was "^et there be li|bt" (to be 
leeted intoiun, mooui and sta^on the fourth day) ^ for wlth^ 
out U^t nothing ilsa was possible. 

To &e uciint Egyptians, ^e sun^^gCH^ wa3 Re, and he w^ 
tibi prineipje ot creation, creator of tveiything, even of hiA- 
self. BMh Egyptian city had its own god, oft^^ equated with 
the iun^god^ When Eg^tian empire was at its height, 
about 15 W f .c.g wfth ijU capital ^e southern dty of l^ebei, 
Ae god of ttiat city, Ai^on, beeamf Athon-Ra, gbd of l^eb^ 
and of the sun. i , . ) 

Hen, about 1 360 b^c., when for the first nme in history, 
as ifar as we teow, a monotheistic reli^on was est^lished ' 
briefly under Pharaoh Ikhnaton, of Eg^t, the one supreme 
god he worduped w^ the god of Ae sun^ ^ I 

The ^ualiy ^ old Babylonian civilizations had a sun^god 
called ^amasb, the ^ver of life and light, and the father 
of law and Justice. And why not? It's natural even today to 
eqtiate ^w udjustice.with the light of the sun and to feel 
thai ^e deak of darkt^ess hidrf evil and crime. 

. Every dviUMtion haunts sun^god among the great powers* 
of ^e panthioh, India had the redheaded' Surya, froi^ whom 
the race of hutmn beings was descended. Japan had Ama^ 
terasu (unusual in bein^ a mn-godd€ss)» and if she was not 
the anc^tress of the Human species, she was at least the 
progenitor dl^ jfae Japaojese ruling house, of which Hirohito 
is ^e citfrent r^resent^tive. - ...... 

None ha^ the beautiful Balder, god of the snn, of 
^puA, and' of beautyp wh_o_w p married to. Nftnna, gc^dess 
of the moon. And so it goesr.^e ancient Irish had Lugh; 
the ancient Britons, Lieu; thi ancient Slavs, Oazhbog, who 



A trainid hiochirnist, tsoiic Asimov is an unrest raimd author 
who has written a galoj^ of articles and more than 170 books. 
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wu ilao tbe god of we ^th lad tua^^— uadoubl^y N- 
^use of tfai mn'i golden ippfftnoei; the Polyo^laas, Tine, 
who WM alio thi god of tO Uving things; the May i, Iteimna, 
^ sin^od «ho^ the ta^ the mm, and the creator dl 
« aU else; tl^ Qu^^eoill,^^ a iun^gcid who wu alio 

the god ^ wisdom and ttie lavintor of the ealendar,. 

In the WmU however, the tat^known sun-g^ U the 
Greek Helloa, who wU later identifled with A^i^ ^ere^ 
^ the Egy^an sun-god, Re, er^ed the sky in a b^t, Hfl w 
- - eroMa ' it in a iMgnffi^m^gofdeii ^af lot d^Wfl by four ' 
flerx hqrs^ that only, he ^nUd eontrdl, 
- The difficult of keying those raging iteeda on 'tMeir 
course was the tteught that gave ri^ in W^tern irtcrat|re 
to w^t b perhaps the b^t-known myth involving the sSi- 
godi Helioi had a son, Phaithon^ by the nymph Clyme^. 
When^doubu were Mst on his pateinity, Phaithon went to 
Helios and lAiked that tho god Vow to yindieate his son^s 
. honop HeHos vowed, and Python demanded to be put in 
charge of the solar chariot for a day. 




HiHos-^" fiery horses only he could controi." 

tielioi was forced to giva in, and Phagthon took the con- 
irols. Feeling an in^t hand on the reins, thpftorses went out 
of controL Rearing m4 plunging, they e^me loo close to 
earth, burned a desert across northern Afri^, and baked the 
African peopte black, '^e earth woyld have been destroyed 
if the Greek master godrZeus,' had apt struck Phaethon out 
of the chariot with lightninjknd allowed the horses to return 
of their own accorB to their acfiustomed path. 
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|HE normal path of the sun is itself a 
niatter of adventure. To help use the 
sun and moon as bases for timekeep- 
ing, ^the ancient Sumerians (the eariiest civaization in the 
Tigris^Euphrates Valley) were the flm to mark off the stai^ 
into those groups we now call constellations, and they gave 
them fanciful names based on rwmblances of the distant 
star cbhflgurations to famili^ objects: The lun, in th| course 
of the year, passed through twelve constellatiQns of the 
zodiac, called after th'e names of Hons, crabs, arfd archers, 
TTie tale of -the sun's journty would recotirit his victory 
over each danger h|^cduiitered, and the suspense would be 
great, for only by his victory could his course be successfully 
completed and human survival assured. It may be that the 



twehre labors t^t H^^ite must succiMfuUy ^mpIete be- 
fore aehievini n^t in heaven Is a version of the sun's passage 
ttoough the ^irelve dan|erous conitenations— a vei^ion ob- 
scured by chaogi^ in the names of the iconsteUations and by 
the accretions U incidents by ancient mytfami^ers, 

Yrt the iu n[|y eer is not one of u^oy^ success, ^pw* ' 
ever triumphllqf § may be ordinaril^^ can be obscured 
by douds. In &&€ parts of Europe whe^eibuds toid storms 
^ yo^g^'^,^J^ may be the lightning-wieldin g god of the sky 
or of Morms who is s^reme-^the Zeus of the Greeks and^e 
"nor of the Norse. Even the ^bk ^eems to depict, Yahweh ' 
as ha^g b^n a storm-god in primitlye times* 

Here is also the danger of eclipse, which temporarily 
seems taslay, in part m in whole, either the sun or the mobn, 
* la the Norse myUis toth the sun and the m^n are etemaily 
punued by gigtatic wolves ai they^ake. their way across 
the sky, and occasionaBy tte wolyes overtake the luminaries 
and hide Aem, temporarily, within their slavering jaws. 

But the stonii cloud appear only occasionally, and the 
ecli^e is even more rare. One solar death, however, is p%- 
^riodic and inevitable. At ihm close of each day, the sun, no ^ 
matter how glorious its reign, mtist sink beneath the western 
ho^on, defeated and bloody, and night retuhis in victory. 

This is represents most colorfully in the Norse \ale of 
their sun^fod. Balder, Balderi the joy of gods and humanity, 
is troubled suddenly by a presentiment of tfeath. His mother, 
Frigg C^e wife pf the None mastir god, Odin), exacts an 
^IJhinp to do no harmstp Balder but neglecU to 
include the mistletoe. The gods then engage in the game of 
hurling missiles at Balder in-order to watch those missiles 
swerve away of their own accord. 

Tte evil god of fire, Loki, learning of the exemption of 
^e mistletoe, caj^es a mistletge branch into a spear and ' 
gives it to Hoder, the god of night, who, being blind (after 
all, one cannot see by night), has not been participating in 
the game. Loki guides Hoder*s aim and Balder falls. The sun 
had died uoder ^he attack of night. » 

A l^s obvious solar myth may bi the Hebrew legend of 
Samson, The Hebrew version of the name,^Shimshon, bears 
a striking resemblance to shemsK the Hebrew word for 
(itself related to the Babyionian Shamash) . Two mif^ 
$outh of Samion*s d-aditional birthpl^e was the towi| of 
Beth^shem^h ('*house of the sun*'), believed !o have been a 
center of sun worship. , • A 

SamsODj like Hercules, survives various dangers because, 
of his superhuman strength. What's more, Samson's strength " 
derives from his hair, which may be viewed as representing 
the golden rays of the midday sun. When Samson's hair is 
shorn; h# grows weak, as does the sun when it approaches 
the horizon^ red and rayl^s, so that4t can be looked on wfth^ 
out harm. It is in^tfie lap of Delilah that Samson sleeps when 
he is shom„and Delilah*s name is closely akin to the Hebrew 
Hlah, meaning "night." The sun sinks into the lap of night' 
and is defeated and blinded. But Samson's haif frows again 
and he recovers his strength for one last feat, since, after all, 
the'sun does rise the next morning; - 

In fact, in the sunny lands particularly, the sun must sur- 
vive all the onslaughts of night and must win in the end. In 
Persian mythology Ahura Mazdah^Jie god of ii|ht, fights 
Ahriman, the god of darkness, in a cosmic battle that fills 
the universe-^nd it is Ahura Mazdah who will win at the 
end of tifna, 4(The Jews of the Persian period adopted this 
vi^, and^it is from 400 b.c. onward that Satan cnterp^^the 



Judaic, and latir the OhrUtlarip coasdousntsi m the^ 

' advarsaiy of God, to be dl^if €at€d^^ a^ ^ 
tta sun's setting arfd risitif is one fnipiratioi for Jhg many 

, " mythic tales involyiD^the death and resurrection of a god, 
An even more impressive deaih^d reiurriclion is the death 
of vejetation with the coming of winter and its restoration 
in the iprlftg.. ' 

The fttle of Balder might Jiftt as. well be^^the symbol oFT 
§^ of sumiher'i bein^ slain by the god of^winten Similar 
iigniflcanceTlan be giveii to the diat^^iSd resurricfidp bf 
Osiris among the Egyptian$,<of Thamm^z fmon^the Baby- 

. lonians, and of Proierplne^mong the Greeks. * 
-.. But^the .sun is' cl^a^rly eonheated^^ith the summQr^^ 
cycle as will as^itji th«/day-night fcycje* Throughout th^ 
"^^uropean summeri ^e ndonday sun reaches a slightly loWer 
point in the southern sky each day than it did the day before. 
As the. son*! path in the sky slowly sln^^iaithwardr the 
temperature grows colder and the vegetation turns brown 
and di^. * . . * 

If the sun should continue to sink and should pass down 
behind the southern horizon altogether, death would be unt-' 
versal and permanentf'but that dc^s not happen. The rate of ^ 
sinking slows, and each year On December 21, by our calen- 
dar, the sun comes to g halt^^olstice (from the Latin 

'' sobtitiumt "sun halt")^anJ thereafter begins to rise again. 
' The winter may continue to sharpen after the solitice, but 
the fact that the no^day sun rises steadily higher in the sky 
is a guarantee that spring and summer will come once more^ 
* The day of the winter solstice, of the bjrth pf a new summer 
sun, is therefore a ti^ for a great ^stivaU celebrating the 
rescue onfall life. / 

The most famjliar solstice celebration of ancie^nt times was 
that of the Romans: The Rorna^ belleve^that their agri- 

. cultural god| Saturn, ruled I^i^r^uring an early golden age 
of rich crops and plentiful food* The winter solstiirf, then, 

■ , ' ' ■ 

s - Incak worshiping the sun-^"ev€F^ ^^iiizaiion 
had its sun^god in the pantheon of powers," 

A Battnionn Archivs 





)V Balderf the Norse sun-gad~married to the moon* 

with Its promise of ^ return of summer and the golden 
time of Saturnian agriculture, «was celebrated with a week- 
lotig Saturnalia fronni December 17 4o 24. ft was a time of 
unrelieved merriment and Joy. Businesses closed so that 
nothing would inter A re with ^e celebration, and gifts Were 
given all round. It ^as a timgpf the brotherhood of hu« 
manity, for on that day servants ^and slaves Were given theis 
tempdrary freedom and were allowed to join in the cerebra^ 
tion with their) masters and A^n to bi waited on. 

The Saturnalia did not disappeari In fact, other evidences 
of sun worship came in the time, of the later Roman Erf)pire. 
Heliogabalus, a priest of the Syrian iun^god, sat on the 
Roman throne from'A.D. 218 to 222; and about that time, 
the worship of Mithra, a sun-god of Persia, was becoming 
popular, especially among the soldiers. ^ ^ 

The Mithraists celebrated the birth of Mithra at the winter 
solstice, a natural time, and A^ed on the day December 25 
so that the popular Roman Saturnalia could build up to the 
Mithraist "Day of the Sun" as a climax. . ' 

At that time, Christianity was locked in a great duel with 
the Mithraists for the hearts and minds of the people of the 
Roman Empire, Christianity had the great advantage of ac^ 
cepting women info the religion, whereas Mithraism rejected 
them (and, after all^ it was the mother^ no^ the father, who 
influenced the religious belieft of the children), Mithraism, 
however, iMd the Saturnalian festival of the sun on its side. 
[ Sometime after a,d. 300, ChristiaiMty managed the *final 
coup of absorbing the Saturnalia, and with that it scored its 
final victory over Mithraism/ December 25 was establishiid 
a$ the d^y of the birth^of Jesus, and the great festival was 
made Christian. There is absolutely no biblical authority for 
DcQember 25 as having been the day of the Nativity. 

»A11 the appurtenances of the Saturnalia were adopteS 
anyway— the joy and merriment, the closing of businesses, 
the brotherhood, the gift giving. All was given new meaning, 
but all was still there. 

So that beneath the panoply of the celebration of the birth 
of the Son is thq distant echo of that far older rite, the cele- 
bration of the birth of the sun. ® 
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APyg^TURtS IN ALTIRNATE iNiR^Y . 

A monthly sampling of projects PS readers hgv©^ 
davisfd to conserve or repldCeMQssirfueis'', 




David and Gyr%ja Edney, 
|oldr-asslsl0d 

nTOtDump 



6- 




Dave Edney menltors all giugis' and 
meters twice i diVi lor eontlnuQUs-tfir- 
formance data, Idnsy reports ^ iolir- 
collector ©fflclincy averagii 60 percerit. 






The 280<sq.-ft. kiLflninum trickle^^l- 
ItQtor dwarfs Cyfithia Ednly, Heat pump 
(abdve) is capped with insulated duct. 
Piping at rear brings water to and from 
water-heatIng coll lajlriplace. 



Belfast, whera Uda homB is located^ 
ia on northw^tem New York's 
''cold sh0ulder"-timt TOOO-degr^ 
day bliz^rdy tract abutting Lakes 
Erie and totario. Last winter, the 
Edneyg spent an average of 85 
cents a day to stay warm in the 
1128^sq.^ft. house they built theni- 
aelves with, selected professional 
help. 

The houset complete with $7200 
worth of goiar and wo^-heat equip- 
ment, cret Dave, and Cynthia 
Edney about $25 a squ^e foot, 
'rtat's the gbing rate for a lot of 
solar colleciorB Uipse days, like the 
©n^ in the "world's m^t advanced 
iolar home" [PS, July]. Dave, a 
mechkni^l engineer, and Cyntliia, 
a chemist, are convfAced that a 
well-d^igned, energy-efficient house 
is not an im^^i^lf dreana for 
yoiing coupiM (he's 30, she's 28) . 

Bo how^did thr^Edneys end up 
hoating Uieir home for $2$ in Jan- 
uary df Hiat Winter of 77? By a 
Judicious mix ofjdom^tic technohf 
Of ies, toth in overall design and iir 



the heating system itself. The houBe 
is a single-floor ranch style with two 
bedrooms and a family room. It's 
slab-pn-grade, except for aji exm- 
vated 12 by42^ft, toement: a 24- 
by-SO-ft, garage/shop ia attached. 

The walls of the house (post- 
and-l^am construction, with no in= 
terior load-bearing ^alla) am six 



inches th:<;k. The roof, nearly flat 
to mainfain an insulating snow 
\md in winter, has aluminum 
shjeeting to reflect heat in summer. 
And it's got six inches of, insula- , 
Hon, Grape vines planted around 
the weat-facing porch ( great-grand- 
ma knew how to keep jfer cool) re- 
Continued 
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Solar heat pump 



[Continued] 
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duce heat gain on summer aftc r- 
noonai TJie garage and ^op are on 
the noHfi Hide to shield 'the living 
area^ from harsh winds, A "closed- 
door policy," an old but* oft- forgot- 
ten tricki'zoneH heat into living areas 
in winter: The farnily ' roomp for 
■ e^mple* . is self-contained, with 
wood stove and spring water for 
use under extreme coitditions. 

There are three Riajor components 
to the ^dneys' heating system: a 



* ^eating 



York solar=assisted heat pump; the 
flat-plate trickle collector that sup- 
^ plies the pump;, and a backup flre^ 
placej complete with outside vent- 
ing and water^h^ing coil. 

The heat pump extracts heat 
from' the solar-heated water and 
supplies that heat to thejorced-air 
system using a refrigeration cycle. 
The process is reversible to provide 
cdoling in summe^r, -When water 
temperatures are between 45^ and 
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85°, the fieat pump comes on line. 
Above 85?, the house is heated di- 
rectly by water throiigh a radiator 
in the forced-air duct ( see dia- 
gram);' below 45^,^ the fireplace 
supplies auxiliary heat. 

The fireplace, is equipped with 
heavv metal doors that can be 
closed "for good draft controL ^Air 
preh'eated around the firebox sup- 
plements the heat pump, and water 
from the coil is pumped to the 
solar storage tank to replenish the 
supply, or can be used fpr* domestic 
hot water. The fireplace supplied 
about 16 percent of the total heat 
requirements last winter. Its com= 
bustion air is supplied from the out- 
side, a sensible setup: Why waste 
indoor air you^ve paid to heat when 
the fire could do just as well with 
colder pir? . 

The drain-down collector on the 
south wall is corrugated alum mum 
sheet painted flat black and double- 
glazed with acrylic, with four inches 
of Styrofoam insulation behind. 
Water trickles over the SSO-sq.-ft. 
collector at a rate of 25 gpm and 
flows into a below-ground 1500=gar 
concrete tank that provides about 
two days' storage. 

^The Edneys estimate that it 
would have cost $284^ to heat their 
house' with an electrical-resistance 
system last winter. "This gives us 
a system O.O.P. (coefficient of per= 
formance) of approximately 2.33,** 
they sgy. 

The table beldw ilidicates * pcjr= 
formance data for the last heating 
season. To ask a specific question, 
sendsa stamped return envelope to 
the Kdneys, c/o Belfast Special ties 
(^o., P.O. Box 501, Belfast, N V, 
14^11. ' 

Performance data 1976-1977 
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Dec. 87,5 6J99J60 1328 84 $26. 79 
Jan. 12ff.5 7J23,360 1528 80 28 9G 
Feb. 141,1 5,002,240 977 96 26 10 
Mar. 145.3 3.527.680 689 100 ^SLO'i 
Apr, '72,4' 2.370.560 463 100 16.72 
'Houso heat loss at 10 5120 Dtu/dogroo 
day 

'Total hoyrs of auseihary horJt rc-qunfj/d, dfvidi'd 
by houei m mtinth 

'Fifiu^ frsm efeetrie mclers on haat pump 
and/wator pump, and .from hour rnntftfs, 
baj^od on electric rato per kilowatt tiour 
■Reflective alummum covnrs wore installod 
□ n April 13, when storage tompflf atu re 
reached 145^ System was ^ihut down from 
this pamt, dxcapt for tin;:- haar pump Cavef«i 
will bo in ploce until early October; boat will 
be ppovided from storage or from the fire- 
place until then. 
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-horn© heating and cooling 
frDin your own well 




If you're sitting on 
. ''good" water 
you may^ut your 
fuel WMs dramatica 



engineefR, and horj 




By ROBERT GANNON 

If yoirrr buildinf^ a homo orVjunt 
planninii tti roi)L*ico your furnao 
M roll rul-wij tor i^»at putiii) may bt^ 
what you*rt' lookitig for 
A what :' 

A ^rounci=watt*r ht*at punip in n 
dovico that cckjIh water - iLsualls 
-fmni a v#ll and then punii_JH tlw 
t*xtrai!t<'(l hoat into ytmv home. In 
suiiinu-r, it withdraws tieat from tht' 
in^^ide air and useH waiter to airrv it 
awav= 

Do you havo a lllr^e supply c>f 
j*ond ^ water, live in a reaH{)nab!p 
eliniate, and plan to iiiHtall cen = 
tral air* aHKntrcinirig an well an }ffj' 
new furnai/e'^ If ho, you: could u^o fC^ 



hop 



^^^round water lieat |)Ufnp ancle 
a third, a half, and inaybe e 
inore froiij vour heritin^ and cool in 
bili^ 

I'he idea work.s= (fOod equipmeiit 
is availrfble It ordhiarily requires 
little nmintenance. nistM not mueh 
more than coiiventional furnriees, 
and amortize^ itHelf in only a few 
years 

Ho why aren't more people using 
the syHtem'' The quest iori has a 
nurnhfT of answerH. and the>^'re 
confusing. * Ank someone in the 
tracle ahK>iU ground -water he^it 
pumps and ^y^u're likely to get 
answerH that are uninformed, mis- 
informed, or downright wroiig. 

To try to arrive at the truth. fVr 
spent the last few mohthH till king 
with reHenreheM? itianufacturers, 



contractors 
owners. - 

Wnally, I beiieve Tve sorted out 
the main factors, and rve arrived 
at a cQ^clu.^io^l: If you tan use 
one, go ahead. You'll probably save 
yourself a heap of nioney. But that 
tf iH a muddy one. 

First,' BOnic background: Most 
hom€K3wnerH knovv at leant some= 
thing .about cpiiventiunal heyi 
pumps, the air to-air ^or air-source 
models IPS, Oct. '73. Sept. '76 
Kssontially, they're air conditionerH 
that can reverse In summer 'they 
ctH)l the hou^je; in winter, they 
warm it by extracting heat from the 
outside air 

And the beauty is that when the 
outside tempt'rnture is moderate, 
the only cost; for the electricity 
to run the hi^nt^junip's compressors 
and fans ttere h no burning of fut^L 
Such syHteftis can be extremely 
iiefncieat. Heating units are rated by 
'their^ coeflicient of performance 
U'OF). This is based on eltHtricab 
resistance heating in which one 
kilowatt provides 3412 I4tu In an 
hour/ for a ("OP of one A heat 
pUnip not only proriuces heat, but 
moves it from one place to anot'her, 
so the C'OP of an air-Hource svstern 
can tx' much higher than one even 
three, when tlie outside temperatun* 
is around PiiV'V. In other words, for 
each watt of electricity cmisuined 
by the unit,- tliree vsaftts of heat 
energy are available for w^nufig 
the house one from tile unit, two 
from the outside And the electric 
heating hill drops' by two4hirds. 

Hut the efTiciency of air-HOurce 
systenis phmimets as th 
temperntiTi^ fallR, As temperaturOB 
approach freezing, such severe 

(■'ofifiriuvd 




AVERAGE TEMPERATURE QF SHALLOW 
GROUND WATER IN DLGREES FAHRENHEIT 



UNCONSOLIDATED AND 
SEMICONSOllDATEO AQUIFERS 
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AQUIFERS 



BOTH UNCONSOLIDATED 
CONSOLIDATED AQUIFERS 



UNOERLAIN BY AQUIFERS THAT nENERAilt 
WILL YTElD less than &0 GAL /MIN TO WELLS 
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CROUNDWATER 
HEAT 

ESCCHANGER 




SUPPLY 
WATER 



Like an air e&ndltl6nar, a grounfl=watBr heat pump yg^s tiit- 
culating rtfrigerant te absorb heat. Unlike an A/C, hear js $b-' 
sorbed from warer. not air, jnd is released ir!iidi'the''house. 
in a typical heating cycle, liquid refrigerarft floWs through a 
capillary tube that'loweri Iti pressure and^boilirig point, Pi^s- 
ir|g , through thp gfOund-Wdter heat exchanger, the refrigerant 
extracts heat from the circulating w^tef, boifs and vaporiies. 
The cooled water returns to the ground while the warm, iow^ 
pressure §as travels to the compressor^ There It's igueezed 
to forrn a high-pressure, hot gas. Pumped through a reversing 
valve to the air hedt exchanger, it condensei, releising heat 
to the circulating air. The 'Warm air is ducted throughout the 
house, ind the liquid refrigerant flows back through the cipil' 
lary tube to repeat the cycle. For co.oling, the prpeesi reveries. 
The eompresior sends the hot gas directly to the water heat 
. exchanger to reltase heit colleetfed fronr' the houie. The 
warmed water return! to the ground wh'rle the cooled, liq- 
uefied refrlgerartt flows through the capillary tube to the air 
h@at exchanger. There, it again absorbs heat from the house 
ahd vaporizes. The gas returns to the,compres8or, which pumps 
it back to the water h#at exchanger to renew the cycle. 
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iyen during icy winters^ 
most U.S. ground water is ■ 
warm enough to supply 
heating needs. The map, 
shows average yearly tern= 
peraiurg^-' of water in major 
aqtfrfSrs. Every aquifer will 
yield some water, but 
there's more flow from un- 
consolidated aquifers where 
water is stored in porous 
layers of sand, gravel, and 
clay. In semiconsoitdated 
aquifers, silt, "cemenfed" 
by minerals* partially blocks 
the water's flow. Cementing 
process is more odvanced in 
^nsolidated aquifers. 
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Dr. Car i NIelatn shpws off the ground- 
wator heat pun|p he dislgn'ed and buih 
In ISiS, Today, It still pravldas efficient 
heating and cooling for hfi 2000-sq,-ft. 

stFaina are ptit on the units that of the oldest TOntinuousIy 

they automaticaUy switch' in re- ating water»BOurce heat pumps 

aris^ in stmimer whan tampemr "I leain^ad theJpriiicipla of heat 

tures ^ge into th* 90%. Aa the pumps when I was a physic stu- 

amount of el^trical ener^ ne^ed dants" ha told me, "So when y^e 

to move hut outside mounts, Uia firat built; in 1948, I decided to try 

efficiency of air-sour^ units divas, a water-sDur^ pump. It's el^nj 

An^ id^I situationp of course, thought; it doesn't produce s^fjl 

would be one in which outeide air ^ don't have to put up a chimney, 

remains at a constant temperature. And it's relatively quiet; I didn't 

Arid that's^ where [ ground water want an oil furriafca that would roar 

comes in. Unlike air or surface wa- at fne." 

ter, ground water (from a well or No commercial ground-water 

spring) has a stable temperature: heat pumps were avaikbla 29 years 

the mean annual temperature of the • . 

overlying air (see map) . In winter, ^^^^^^^^^^^^^^^^^^^^ 

ground water is Always warmer |iSo yOU drljl a hole qnd ^ 

than the air; in siirnmer, always ■ ^ . . 

colder, ' tap this water, using It 

So you drill a well and tap tiiis as a heat source In the 

water, using it as a heat ^ur<^ in i.ifnt^r ^ k^^*^f«u i.^ 

the winter, a heat siric in sum^ Winter, a heat Sink in 

mer. Simple. summer. Simpleyp 

The idea isn't new. T^e concept ^ 

has b^n kicking around sinc^ not 

long after World War n. But ha^d- ago, so Nielsen devised his own 
ly anybody outside the Deep SoAto one^ton unit, using etendard re- 
has been interested'-fpr largely the frigeration-plant parts, except for 
same reason ftat you didn't hekr the h^t exchanger. "For that, I 
much kho^i mlas ^ll^tora tefork took two lengths of pipe=a one-inch- 
the^lein^go. Conventional home- o.d. pi^ and a %-inch-o,d, piece— 
hea^fl^ was d^p. Why experi- pushed one inside the other, then 
ment? " . coiW them up. Worked fine." 

backyard, determmad that the 44- 

One who did ex^riment is degree water had a sufficient flow, 

physicist Carl Nielsen, a profMor and ran his outflow to a pKjnd 

at Ohio Stote Univereity ["Solar alongside tiie hou*. The outflow. 

Ponds," PSp ^c. "77], He has one ' by slow percolation, would even- 



With nai^ral gas 

' tually return wat^i; to Ae welL 
T^e unit ran for seven years with 
no iroubli. So when' he built .a 
larger" house on the ^me property/ 
he ajain planned for pound-w^r 
I»St. This time^he built a 'two-kW 
unit. It's teen running ever sinca, 
for more than two decades now. 
And the problems he's had over the 
ymTB mn be narrowed to one: 
About ten years ago a starter re- 
lay burned pute ' S 
One se^^re problem, I had heard, 
is scalingf another is enorustation. 
Li the begii^iing, Niel^h was con- 
cemed, toouiMa well %ater is ex- 
tremely hard and rich in iron, *Tf 
you iill a jar and let it stand for a . 
day. It turns brown," lie said. *T 
Pondered what it would do to my 
coils/' Nielsen unbolted the end of 
his , heat exchanger, "Here; -stick 
your finger in." 1 did— and got only 
ajight brown smudge of o^ddation. 
"TOe coil was built so that any 
buildup of scale could be cleaned 
out," he said, "arid I bought a wire 
brush to be used with my hand 
drill. But hefe it is, unused." After 
22.years, ' ^ 

When Nielsen installed his 
pump, oil ip Columbus was 15 
^nts a gallon, electri^^ two cents 
a kWh. Now electricity stmds at . 
three cents ^ kWh, while oil has 
zoomed to 51 cents a gallon. **With 
the 3.5 COP I'm getting, the cross- 
over came when oil hit about 25 
cents," he said. "At that point the 
pump was no longer simply an 
experiment; it was a money saver," 

Pumping into a think tank 

While heat-pump engineers over 
the years have largely ignored sin- 
gle-family residences, they have de- 
veloped effective ground-water sys- 
tems for large buildings. Not far 
from the Nielsen home, in down- 
town Columbus, is Battelle Insti- 
tute, a scientific think tank, A 
317,000-sauare-foot section of the 
sprawling complex is heated and 
cooled entirely by heat pumps— 
probably the largest setup of its 
kind in the country. Battelle gets 
its water, at 54^F, from five 16- 
inch welli drilled to 50 feet in a . 
sand-and-gravel aquifer, and each 
month pumps some 40 million gal- 
lons through the exchanger and out 
into nearby Olentangy River, which 
supplies the aquifer. 

The massive - equipment works 
jpretty much the same as the unit 
in Dr, Nielsen's basement^ but the 
physical difference is striking. Niel- 
sen's setup is stuck off in a dingy 
recess and takes up about as much 
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di$app9ari^g and oil priees swrging.^grouhd-water heat pumps maka sense 



space as freezer, Batt^lle's coft^~ 
trols alone occupy a cornplete room 
r-its ^aills decorated with huge flow 
charts , and lined^ with digitel 
countfers flicking, remote readings. 
* Battelle developed the system in 
the days of cheap energy, simply 
because its rfigineers, were intri^ed 
with the idfe. Today, it*s one of the 
best examples laround of how effl- 
cierit ground-water heat pumps ^n' 
be: The heating COP in one of the 
buildingB is 5.^. ■ 

In the 20 years since Battelle 
instaned its #ystemg, grounder wa- 
ter heat pumps- have become com- 
monplace in large buildings: They 
now number in the thousands^ 

But home units haven't kept 
pace, Now* though, some experts 
ftfee a dramatic growth on the hori- 
zon. Says ('barley Bmith:^^ §pdkes- 
man^ for York Divisiont of Borg- 
VVarnen: "Quite frankly, until the 
energy situation turned aroyndi 
sales of our water-sourwHinits were 
marginal, but they're really start- 
ing to pick up! now," And at least 
two manufactiirers. Weather King 
and .Vaughn, predict that sales will 
double/* ' 

Just . ' how much can tiSday's 
homeowners hope^ to save with a 
ground-wate^ heat pump? In a 1R76 



study prepired under a grant from 
the U.S, Environmental Protection 
Agency, the National Water Well 
Association stated that "at present 
prices, a homeowner can have his 
investmerit for a [water source] 
; heat pump returned from cost sav- - 
ings resulting frpm reduced energy 
coaisumption in four to eighU years 
[cornpafed to] conventionar'lieat- 
ing and coofing units" (see box)* 

With natural gas disappearing, 
oil prices surging, and coal largely 
unacceptable to most Americans/ 
ground-water heat pumps seem to 
make sense. But if so, why don't 
rnany more homeowners have the 
units? The objections, I've found, 
boil down to five. 

Problems: real and imaginary 

• You need a well: "Sure, it's an 
effective device and an energy con=^ 
server if you've gpt the water,"' says, 
Ben Sienkiewicz''of the Air Condi- 
tioning and Refrigeration Institute 
( ACRI) , , "But how many of us 
have a well 'in our yard?" 

A few families are usiri^g lakes, 
rivers, dr canals^ but for most home- 



You*lP need a minimum flow of 
about to'three gpm^ per 12,000 
Btu neeqed, Ydur chances of get- 
ting that jdr^ good 

Hydrologist' Jay Lehr, executive 
director of the National Water 
.Well Association, says that if you 
randomly sink holes to two hun- 
dred feet, about 80 percent of the 
time you'll find a flow rate of three 
gpm or more. But you may need 
anoiher well to return the water to 
the aquifer. ' 

Heat-pump usirs with an un- 
limited supply of water often ^urtip 
the outflow into a creek or pond, or 
even into the nearest sewer. The 
movement^ though, is toward re- 
charging: returning the water— 
slightly warmed or cooled— to the 
ground via a second well. In Bex= 
ley, Ohio, two next-door neighbors 
each drilled a well and nbw share, 
them, drawing from one and disy 
charging into the other. If the ym- 
ter ever begins to run low, they*ll 
simply reverse the flow, 

Actually, the discharge well 
needn't be a conventional driHed 
well, complete wit^ casing. 'A bored 



that mtens an average of about 
$2000 in drilling costs, according to 
the National Water Well Assn. 
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Physicist Nielsan worked out the table 
above using figures gathered in Colum- 
bus, Ohio, during the winter of 1977, 
The figures are ^probably typicaj of costs 
throughout the eenWal bait of the U.S, 

The table assumes an annual heating 
requirement of 100 milMon Btu. Nielsen 
assumed an annual average COP' of 3.2 
for the ground^water heat pump^nd 1.9 
for the air-source heat pump, jnd estf- 
mated high for the initial cost of this 
equipment. Fo^ fuel costs, he figured gas 
at.S2 per 1000 cu. ft., oil at 420 a gaL, 
coal at $80 a ton, and electricity at 3C 
per kWh. Fuel efficiency is rated at i65 
percent, Amortisation was computed at 
nine percent interest over a lifetime of 1 5^ 
years for the furnacei. and 10 years for 
the heat pumps (though Nietsen says 10 
years is probably too short). Mainte- 
nance, repairs, and welNdrilling costs 
aren't included. Among the variables 
are equipment condition, design, manu- 
facturer and installation, plus^ welther 



owners, a well is necessary. And ^hole that's filled with coarse'^ravel 

" to keep the eidee froni caving in 

and that's two^ or three- feet in di- 
ameteF and 20 or 30 feet deep^de= 
pmding on * the percolation rate) 
iosts orily about a fifth as much as 
a drills well. And some people 
use the outflow to fill ponds or 
simply to watei^ grass— a form of re- 
charging. 

• Ground water is mysterious. 
^'There's a built-in prejudice 
against ground water dimply be^r 
cause vou can't see it," says hydrol- 
ogist Lehr. "The reason air-source 

' heat pumps are so widespread is 
not that they're better, ThevT're 
not. It's simply that air is ri^ht 
there, surrounding us. You're not 
really sure the unseen ground water 
is there." 

As evidence of this prejudice, 
Lehr points out that Americans use 
three times as much surface* as 
ground water, even though the cost 
of developing ground -water i4up= 
plies'^is only one=tenth that gf reser= 
voirs. / 

• High initial cost. A heat 
pump, either water- or air-source, 

scosts at least fifty percent more 
than a conventioniil furnace Add to 
this aiiOther S15(K) to^^2500 fof a 



and ground-water" te_mperatur©s^so the 
figures aro approxlma^ns only.= 
1 At first glance, it friight seem as if 
grpund-water heat punnps offer clear sav=^ 
ings only over eleetricaliresistance heat- 
ing. But, comparing'line (b) with line (a) 
makes the picture^^0^^rer, Line (a) is the 
homeowner whgT' doesn't install central 
air conditioninS. Line (b) is the home= 
owner who installs an air-conditioning 
system as a matter- of course ^common 
practice in the South and West) no mat- 
ter what type of heating unit is used, In 
this case, the $800 initial cost is the 
price of adding heating capabilit,y to a 
centraT air^conditioning^unit (i.e. a cen- 
tral air Gondtjioner would cost about 



$2200— for $800 more you can get a 
groynd-waiir heat pump for both heating 
and cooling). Sjnce $800 is lower than well and you've doubled the initia 



you'd pay for nnost furnaceSi and since 
annual operatir^g costs are so much less 
than those for conventional systems, the 
savings are substantiaL 



investment. In addition, your duct- 
work will have torhv larRCr if you 
use fofged-nir heat. A furnace de= 
livt-rs air that's IGO^F. A- heat 
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pump^delivers air ^ at' only about ^ « 
120* m it must move a larger/ c 



volume. You rteed about twi^ the 

normal-size ducts (or double tj^e 

number) to accommodate the flow, 

*ith a larger fan turning at fewer 

rpm. A faster fan with the tome 

ducta won't do; the efficiency would 

drop, the noise increase. 

Similarly^ hot-\\^iar baseboard 

tubing must able to hihdie about 

■twice thet volume, or have twice the 

tube surface expoiad to the" air, 

f 

State of tfie industiT ^ 

• Nobody's pushing the idea, ex- 
cept a few small manufacturer^, 
well drillers, and isolated engin^r^ 
^ *'Niiiety-five percent of the popu- 
iation h& never heard' the term 
'heat pijmp,' " says Paul Sturges, a ) 
Stone Ridge, N,Y., haatlfig-cooJigg * 
consultant '^'And the concept of a 
groufid- water ,heat '^^ump is as 
ioreign a^, oh, heating with cow * 
dung fflf antimatter," ] 

In feet, few heating con trj[C tors 
^have studied ground-water heat 
pumps, They*re unfamiliar with the 
fundanqentals of ground wai^ and 
vaguely uneasy working with som,e 
thing 50 under the surface. 



He a'dds: ''T^ no'HQnJth&t it*s diffi- 
cult to deifgn for low femperatures 



' isjust so much balpney=and a fail- 
safe syst«m that turns itselt off if 
water pressure falls is very simple 
to include, I dfd itmyMlf." 

Vaughn Co;, for one, has de- 
signed its standard niWels to pper= 
ate with water as low as 40®F, 
while special ynits are available to 
Imndle water rear freezing. Some 
equipment,> in fact, pumps water 



deposits a^A s^e^fth ^ch cycle. 

Design could^ihavfe lot to do . 
with scaling, too. At . le^t tfiat's 
what Pirrello cjaims, ^fe main . 
problem, he says^ i% caused fey ^ 
temal batf<^ and fins— which the 
Vaughn .unit* doesn't have/ Whatr 
perdfentege of, witet does "he find 
imusable? '^Essentially, nonei** ' ^ 

If *you decide to look into tfie 
po^ibilities for your home|f Mw 
canVou make a dteoision? First, 3^u 



from froz^-over lakes. But because should get some idea of what a well 

of h^vy^duty cpmponente and in ^ur yard might produce" fn the 

other extras,' -^Vaughn models, in- way of volume and quality, Qne 

stolletf; cost about a third ^ ittore way to determirti potential is to a^k 

than those ofi|p6st other' manufac- a large, local well driller for an 



tufers. 



||lt%clean; itdoesn^t 
produce / don't have 
't#^ut up a chimrim^. And 
it's quiet J 5 ^ 



Even " tAe ynanufacturers aren*t ^ 
pushing the idea. Makers are either 
relatively small and regional, or 
they prodiice a wholejine of heat- 
ing equipment, including the. big 
money ^™king air.-^ource units. 
SaysjACRl's Siertiiewicz: *^The 
volunro of water-source pumps is so 
darnn small, arid the rest of the in= 
dustry is in the hundreds of mil- 
lions of dollars— you devote your s 
time and effort to tile high-volume 
busings.*' 
^ • Some water is unusal^le. There 
are two problems here ; temperature 
and quality. The colder the water 
the more work the pump must do 
in the heatiqg cycle. Cool water 
cuts th^ COP and rpquires a large* 
pump and compressor. 

Until recently r most manufac- 
turers limited sales tofcfeas where 
grdund water is at likst 60^F— 
aira Uiat eliijiinates most of the 
/^PPer|two- thirds of the country. ' 

WeatherKing genera T manager 
' Jim Brownell says that his com- 
pany is gradually extending its 
range "while we gain experience in 
what low water temperatures the 
units can really stand," He recom- 
^mends thpt no unit be installed in 
water below 55^F without a pro- 
^ tective thermostat to turn it oflf if 
the ground water approaches 
freezing, 

/ Physicist Nielsen blames the 
'(manufacturers, calling the cold-wa- 
ter qu^tion a "pseudd^robrem." 



^ The other water prObleoip arid by 
far the most controversial, is qual- 
ity. Iron, calcium, and jnagnesiuni.^ 
1 salts, hydrates, suspended solids^' 
all can result in corrosiort'and scale 
or encrustration. 

What are ybur chances of flnding 
unsuitable water? iRotert Ross of 
' the Better Heating-Cc^lirig Coun- 
cil estiniiates that unusable water 
will be found under 15 or 20 per-, 
cent of the land in the U,a ' 

If your property happens^ to falh 
into that group, you may be head-^ 
ed for disaster. One Austinj T%x,, 
contraetor will'never try a water- 
source ^heat pump again: "I*ve had^ 
nothing but bad experiences with 
them; I put in three units and had 
so much trouble with scaling that 
I evenlu^teL decided to abandon 
them/* ^ 

And in Sarasota, Fla', some 
homeowners must flush the refrig= 
erator coil with acid every year or 
ty/o to wash out scale, and eventu- 
^ally the acid itsetf eats through the 
tubing. (Strangely, almost no resi- 
dential units have coils designed 
the way physicist Nielsen's, are— 
so that they cap be cle^nbd with a 
wire brush.) 

One way to prevent scale is to 
use cupronigkelNinstead of copper 
tubing. Sopfe manufacturers, sell it 
for an extra charge; a few provide it 
as standard. Essentially what 
happens, says Vaughn*s Pirrello, 
is that the cupronickel expands and 
contracts*with temperature, and its 
surface tends to flake off mineral 



estimate—usually a free service, 
(^he National Water, Well Associa- 
rton has offered^ to giye readers 
names of knowledgeable drillers in 
their areas. For 'address, see find j 
of article.) \ ' * . ^ 

Loml water^^f tenia g peoplf 
might also have some 'thbughts. % 
plumber who deals in water heat 
ers could give you an idea of how 
much scale he's finding. Engineer 
Owen suggests that if your neighbor 
has a well J get the water tested it 
Sears o^ by the local public health 
office. Ideally j he says, the pH 
should be between six and eight, 
and the hardness reading (on thf:^ 
standard , ^ale of 0-30) no higher ^ 
thanlO. . ~" " 

*Next step; Call in a heating- 
cooling contractor, preferably one 
with considerable groundAwater 
heat-pump experience. Ask' him for 
the names of some of his heat-pump 
custoniers and see how satisfied 
^ey are. 

The results of your re^iirch* 
should help you decide if SLgi^W?/ 
water heat pump is for ^Foft^ Con- % 
flicting claims,^ lack oy th®ough 

fact that 

to ' 

only a few people, makes its instal= 
Iation, in my opinion, still . some= 
thing of a gamble. Nevertheless, be= 
cause^ I .^know^ that my 55-degree 
water is faHl^^soft, when my oil- 
^zzling furnace begins to fail, I 
plan to take that gamble. Maybe 
even sooner. , ' KB* ' 



scientific' studies^ and ttte 
technical expertise is / Hmited 



FOR FURTHER iNFORMATION 
^AmsHcan Air Filler ^g., Ina.s 215 Cmntril Ave.< 
^^uisvllle KY 40208^ Better Heetlng and CeeU 
Ifff Counelt, 393 Save nth Ave.* New York NY 
IQDOlj Carrier Air CQfiditienlng Cs., Carrier 
Rkwy^ SyrgbuiQ NY 132Dlr Climate CGntrsI 
piw„ The Singer Cs,, 'Seqfiervjile NJ 08876; 
GQmrnand-AIre Csrp^p 3221 Speight Ave., Waco 
TX 76710: Dunhatn^Bushj 175 South St., Weit ' 
Hsnford CT. Q61i0; FHP Manufacturing Co.,' 
610 S.W. 12th Ave., Pempano Beaeh FL 33060; 
Frledrleh Air Conditidntng & Refrigeration Co. 
(Climate Master); ^000 W. Commgfcisl Blvd. 
Ft.^ Lpuder^ale FL 33309^ Ksidwave IHeat Ek^ 
ehangeri; Inc., filOO N. Msntlcells. Skekle IL 
600761 Nstloruii Water Well As^flciaticn, 500 
West Wilsen Bridge Rd., Worthington QH 
43085- M^ughn Corp., 386 Elm St.. SgN^bury 
MA Oi^r Weatherklng Inc., 4501 E. Colonial 
Dr., Orlando FL 32|14; York bivis'fln, Borg. 
Warner Corp., eos'lSfZ. York PA 17465. 
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SOLAR ENERGY: 
Wave ojF flie future? 
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^e.fuel crisis of 1973'-1974 totally fo- 
f cussed the world's attention on ^li 
^ marpmoth energy problems we face today* 
The shortages in energy came about simply 
because we were using more energy than 
we were producing. In other words> the de- 
mand exceeded the supply, ^ 

'To make-up for these shortages the . 
United Btates started to import oil from 
foreign countries. Although Importing this 
oil originally started, deifades ago in small 
quantities, tdjday this hasMncreased to rhil- 
lions of barrels of oil per year. If we con- 
tinue with the present consumption we will 
double the amount of oil needed from 
foreign countries by the year 1985. 

Even though we are^now producing our - 
own oil it is Insufficient because much of 
if comes from old oil wells that have fevy 
years left of productivity. Our own oil weMs 
ca^nnot supply us wltfi^nough oil to keep 
our industries and, ecpnomy Running at^ a , 
normal rate, ^^"^ 

We have finairy been brought to ^full 
understanding of the energy crisis because* 
.of the oil embargo. Since the oil embargo 

Daniel I. levy is a professional planner who has ha^ 
exiensive experience with solar energy research anhs^ 
application of so/ar systems into buildings^ He pres- % 
ently resides in Woodland Hills, California. 



' . by Daniel T Levy 

, . * , ^ ^ ... 

"much discourse has been held on whether 
(he shortages are imaginary or real. Even if 
Sonne of the ^clalrfts of the shortage are ex- 
aggerftad/the fact^still remains that short- 

^agej do ^xist^^nd th^y will increase with our. 

/growing demandigr this valuable fueL ^ 
The^ oif etnba^, therefore^ created a 
need to find alternate sources of energy. 
Obviously, these sources ^of energy must 
come' from within the continental United 
States so that foreign^^irfffte^ cannot con- 
trol our destiny. ] J' \ 

pur Industries and conimercp hav# been 
based on cheap^ abundant ener^ sources. 
We consume well over 30 percent of all the 
oils produced throiighout the worlds wMre 
we only have 7 percent of the total world 

jopjiation. When looking within our bord^^ 
err for natural fuel such gs oil and gas we 
quickly realize that the supply cannot pos- 
sibly satisfy our demand. Even with a reduc- 
tion in the amount of ^rfceeded fuels, alter- 
nate sources of energy mCjst be found. One 
of those Sources of energy is solar energy. 

ALTERNATE INERGY SOURCEi fOLAR ENERGY 

Solar energy means the capturing of the 
sun's radiation in order to produce a trans- 
poFtabfe form of energy. The sun's radiation 
Js captured by the means of solar devices 
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and gan j^e used JHjl^ water, 
\ our nomas, and f^^^^V cQolfng them. 

* Utiliza^n of,the s«Him^on.is environ- 
mantally^accep^table^s corr^ared to some i 
^IternatErtormi of - energy %lo^c€s# whicly' 

are not r y ; ^ 

- Solar energy, fs not a^new sctfnGe. In 212 
BCj Arcfiimeaes ut4llzed»|th^ sJn^s radiation 
to.b&rn the-iiite of the Roman fleets th|pebyw^ 
^ defeating them' in a battle* \nAB76/ h solar 
^^steam' engine was exhibiffed It the Paris 
fair, 'During';the 1930's^ Massachusetts In- 
stitute of Technology started experimenting 
witft solar ep^ergy and much of the research 
that was conclucted the^Js^ being utilized 
by manufacturers todayp- 

Iryjlhe past/ the devices for capturln 
sun's Tadiation were very simple, and did 
not hav^^ithe lophlstication' of today's de- 
viceS||Vith the ctesire and dfeterminatlbn on 
the m^^pf our country to find alternate 
sourc||Wf energy^ the field of solar ^tech- 
nology has greatly improved. . 

SObAR COLLECTOR ' 

?\ solar system is a relativeTy simple sys- 
tem to understand. It conaists, of three 

— , V - 

major component parts. The part that coh 
tects the sun is k^own as "Tihe Solar Cpllecr 
tor/' The solarV collectpT is generally 
mounted on the roof of a building and Its 
primary purposej's to collect the sun's radi- 
ation. The collector generally three by 
seven feet Jn size an^ thriee to four inches 
thick contains a system of pipes ^trying 
either wat0r or air through it which Is then 
heated by thejSunJs radiation^ The collector 
is covered with one or two pieces of glass 
or plastic in order to retairi the heat cap- 
tured by the sun, , 

STbRACB^TANK 

The second component within the Sys- 
tem is a "Storage Tank/' The storage tank 
is generally found in a basement or sub- 
basement of a building, aqd contains the) 
stored energy to be utilized at a futUFe date 
when needed. 

DISTRIBUTION SVSTBM 

The third component of the system is the 
"Distribution System/'- which takes the 
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stored energy from tbe tank and , transfers it ,w 
to a point wherp it is nefded. ^ ^ 

To demonstrate how^this system oper- - 

I ates, let's ato^me we will be heating ^ater 
by tb^e^olur ^system/: The cold , ^ater is 
pumped^dW. tne solar collector mounted 
on the^roQf^3ft^\he sun's radiation Strikes 
thj^^^^^filleqtor. /As^ cold wate^ paj^es% 

o f^iirougR Ike col lector which cpntains^a sys- 
' tem of pipes, the M^ter is heated tp astern- 
perature of between 126-lfi^degrees. 
The heat generation depl^nds on a num= 

. ber of factors sudi as flow rate and the 
availability of the sun's* radjation: Once the 
wat^r is heated it is then transferred by a 
system of pipes to the storage tank in the 
basement? This storage tank Is Insulated in 
order to retain the hot water that is col- 
lected; Finally,^.this |iot water is the(rS dis-^ 
tributed iri the bui^in^\vhere' needea^ This 
hot water can either^be used for do^mestic 
hot w^ir Of for trie actual heatmg of the 
Building. The distributiort of the -hot w^er^ 
is aocomblished by a system^oT ducts, pipes, 
and appropriate values in order to take the 
hot water away from the itorage t^nk and 
into the building. ^ — ^ ' 

COsVoF INSTALLATION AND OPERAflpN 

. \ The cost of installing a system ^epends 
on the ultimate use for this system^lf a sys- 
tem were installed in a home for heating 
only domestic. water the cost would be ap- 
proximately $1,000= iven with the solar in- 
stallation a conventiiDnah backup system is 
needed in most parts of the country. Hoyv- 
ever^ a solar system can save approximately 
70-80 percent of the fuel cost for heating 
our hoi water. ' 

Assume that it costs. $25. 00 per month to 
heat our hot w^ter. If we install a solar we 
will absorb SQi^rcent of the cos^ or $20^.00 
per montf^^mls and be paying $5,00 per 
month tp^ tfflfiie our conventionaf backup 
systerri. * 

The cost is more for a solar system that 
heats our homes, because more collectors 
are needed an^the equipment necessary 
for storage Is mi^ higher. The cost will be 
in th'e^ neighborhood of $6,000 to $8,000 
depending on the size of the home and its 
location. ' > 
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\\<W A Sin AH SVSTtM WORKS 

! f hv i ciiltH inr .iljsorlis lh(» suri^ rays and hoats 
a !M|uitj that is [ iifnpvui thfuuH^' thi^ ioMptiur. 
J, Iht' fiutd uifhni ihr loik'Uor ^tMiurally anti- 
fri'ivt'' <a(>fLifMs [irat aruj PitMt translt^rs It It) 



nr tan ho uw\ (iirorily if nocdod. 
A.. nvpvniWn^ nn loralron of thc= pancMs. and 
lalitudt^ ol artM. arivwhi-i* from 4^ ptTcent to 
lf)() pcruMil (U th(* walur (an bv hiMled by the 
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^ In order to derive the maximum benefit^^ 
from this sy^tem^ the sun's rays nhust face in 
a south Npr southwest direcjion. ^6t every 
hitme/ o\ course, has thW^xposure. Th^ 
•suh's ra^ittlon may also be lost if the build- 
fng is blocked by trees or other buildings. 
" feach home must be examined by an expert 
to determine whether^ 4olar system is feas- 
ible, ' / ' - 



THf A^T OF JHi INDUSTRY 

The industry in the last tvyo yearsjhas 
grown considerably because of the demand^ 
to find alternate energy ^ sources. Many 
manufacturers, distributors^ and organiza- 
tions are gearing up for mass production. 

The mgi^t expensive item in the solar sys- 
tem is* the solar collector. Orgirially these 
collectors were selling for ^ween $12.00 
and $15.00 per square foot^ out because of 
the advancements in technology and the 
additional competition, the price per 
foot is down anywhere from $4,00 to $7,00 
per square foot. The efficiency is also irri- 
proving 50 that the nuniber of collectors 
ileeded will be reduced in the future, Be- 



dause of .the demai^^n ih^ part of the^ 
public to produce this alternate Energy 
source/ prices |nd efficiencies of the collec* 
tQrs*wi|l come down considerabiy more irt a 
relatively short period of tim^, 

*L ^ ■ 
WASHINGTON INVOLVEMENT 

The federal government is involved with 
the development and experimentation of 
solar energy. In 1974 the Cofl^reis passed 
the Heatingf and Cooling Demonstration 
Act which appropriated $60 millibri td start ( 
experimenting and developing solar sys- 
tems. A new agency known as ERDA (Ener-^ 
gy Resource Development Administration)^ 
is in charge of overall coordination and^^e- 
velopment of the solar program. The De- 
partment of Housing and Urban Develop- 
ment is also involved with, the sol^r pro- 
gram and has recently requested proposals 
to fund on an experiemental basis. 

PRESENT INSTALLATIONS 

There ar^many experimental installations 
throughout the country at the present time. 
A number of schools recently installed sys- 
tems on an experimental basis with gratify- 
ing results. A school In Tamonium, Mary- 
land installed a heating system on the roof 
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Banks of solar aollector$ (1) stt on the robfa of four ^ 
rBCBntly cbmp/efed sglar powmrmd townhomeB at New 
Century Town, Vernon Hills, IlL^^hcbntra^ng so/af 
energy collectors (2) are shown bri^f-f oof of the \ 
University of Texas at Arlington ''Dficgyery 76'- test- ' 
hou$e. These solar collectors (3) arm round glus t&bes 
designed to convert sunlight Into heat energy. 

of one of Its existing ichooli .and it pro- 
vided- 91 percent of the heiting needs dur- 
. ing aj60=day period from .March .11 tp_May 
14^ 1975. Another school in Minne'kpolii, 
Minnesota Installed a iystem which pro- 
vided 100 percent of the schoors heating 
requirements in December from 11:00 a.m. 
to 4:00 p.m. 

NO SUNLIGHT? 

The solar system does have the capability 
of storing energy for a r^umber of extended 
days. The exact duration depend^ on th# 
size of the storage tank and the degree to 
^ which the hot water Is originally heated. 
In any case, conventional backup systems 
are needfed in case we havev|Ktended peri- 
ods' of sunless days and the conventional 
system must take over where the solarisys- 
tem cannot provide adequate heat for the 
building. 

FIELD LOOK§iRIGHT 

Even with the existing problems the field 
of solar energy looks bright. The solar sys- 
tem offere th^ ability to utilize a clean and 
efficient kirtd of energy always available to 
-■^ ui and one that will not pollute the en- 
vironment. With continued governmental 
support iind experIm«t|tion the efficiency 
of solar systems will Improve. 

It Is anticipated that the government will 



1^ maintain a supportive role for solar ener^ 
f rtd recently the Congress has been discuss- 
ing talc credit and Incentive prograjrti 'fqr 
the owner to Install a solar system* 
' Many of the existing problems that we 
face today might be resolved with the im- 
provement ^f the sol|^r collector. Experi- 
mentation is now being developed on what - 
is known as tracking collectors that actually* 
follow the sun in order to absorJb thfe r^y^ 
Another collector now being developed is*v 
kno^n as a cbncentrator collector. This 

. means that the sun will be concentrated In- 
to a small area of the collector in QjfdMr to 
produce higher water 'temperatures' rather 
than over the entire surface df the/ftej plate 
collector that weare currently using. 

CONCLUSION . ^ 

The development df the solai* system Is 
well along the road. Significant gains have 
, been made since the original energy crisis 
^of 1973-1974 and the future promises to 
bring improved technology and lower costs 
so that many of us can install a system 
whereby the sun's radiation can be used* 
Many^of our homes and buildings may not 
be able to receive in the future natural fuel 
sources because of our excessive demand 
and we may be forced to utilize a solar* 
system to supplement these natural fuel 
sources. □ 



Solar Thermal Energy: Bringing the Pieces Together 



Solar thenrm! Systems can pump water 
for irrigaijon, producff^am for indus= 
trial processes, generaie electricity in' 
sm^l arid mcdium^slzed installatjons. 
and also Huppjy heat ?f or resist ntiai use. 
Systems thailepeniie at temperatures te- 
Iween IW and WC are suitable for 
each of these purposes, and e^rly studies 
indicate that they may be most ecoffomic 
when they serve several purposes in a 
complementary fashion, AWiough most 
attention and funding in the UiS, splar * 
program has been devoted either to low- 
temperature systems for solar healing 
and cooling or to high-temperature sys- 
tems for centralized generation of elec- 
tricity, a number of analysts are begin- 
ning to *liev^e that the greatest pojential 
for spla^9&rgy uiilizaiion bv^^^^ lies 
with intermediate-temperature' systems. 



This 4* thi' fourth in a series of Research 
News uriicles examining recent dfvei- 
Opments in scflar ener^^y research. 

One of the largest potential markets is 
in food, textile, and chemical industries 
where large amounts of intermediate^ 
temperature heat are consumed. Thirty 
percent of all industrial process heat is 
used at^ temperatures below 300"C, and 
solar systems would be ^ell matched to 
industrial purpuses because the. demand 
is nearly consiani year-round. One study 
recently prepared for the Energy Re- 
search and Development Administration 
(ERDA) projected that by 2000 solar en- 
ergy could displace 7J quadrillion Btu 
(quads) of fossil fuel now used for pro- 
cess heal below 300'"X'. Comparable. pro- 
jectians are not available for solar irriga-. 
tion. ^I^trical generation, or conibined 
heal iij^ electricity priHluctior\V which 
ERDA, has named "total energy.'' B\SX 
interrnediale-iemperulure systems are. 
capable of making a major contribution 
to all these areas because the hardware 
is varied enough that i! can be easily 
iu|Ulred to difterent applications. 

All the pieces needed for Intermediate- 
temperature systems exist now. Devel- 
opment of concentrating solar collectors 
that can raise fluid temperatures above 
the boiling point .)f water has progressed 
particularly rapidly. At leastjen varieties 
of one-axis tracking collectors are now 
being made in the United States, Imcl the 
cost— before insiallatlon^is generally 
comparable to the cost of simpjer flat- 
plate collectors used for space and water 
htating at 5ir to HWC. 



the devtflopmeni of other tomponenis , used in total energy systems, but there is 
i^Wss advanced; but nevertheless exam- no organizki^naJ ^slot designated for 
ple&are available. In particular, the cur- such research, All ^e intern^edia|e-t^- 
rerirffesigris for small hdat engines (that peraiur^yskems use collectors that con- 
convert solar heal into shaft power to centrate sun ight by a factor ofM to 60 
drive a generator, afr-conditioning com- and therefort draw on the same pool of 
pressor, or Water pump) have been char- solar techno ogy. But the ERDA solar 
acterized as '^archaic" because^ Ameri- program is omanized by electricity-pro- 
can engineering effort has iieen devotfd duction classification^ rather than solar 
-to turbines for large-scale applicaiioris in capabilities, io the various mid-temper- 
recent decades. European firms are fre- ature applicaiions are separated fron^' 
quently ahe'ad in this field. Bur a number each other in a way that gives them very 
of 'American firmy^ are producing and little visibiHiy, 

selli^ prototypes, and one conipany is Splar-powered water pumping has 

setrtng up a modest production line for been one of the first iniermediate-tem- 

solar heat engines later^this £ear, ' peraiure appllca'tions to get under way. 

B_j ... . «, „ ^he first and so tar the largest solar 

pumpmg facility m tbte United Stales was 

Although the pieces are available, ^ built no! by the government but by a pri- 
very few instiiuiions have put them to- vate R & :D laboratory with the backing 
gether to. build complei^^siems. In the of a large life insurance company, North- 
United States there arc now two irriga- western Mutual Life had a farm near 
lion systems, one total energy test-bed. Phoenix, Arizona, that needed water and 
about a half-dozen industrial process Bat telle Memorial Institute wanted Jo__ 
heat project^ and a larger number of so- build on its experience in solar energy re- 
lar air-conditioning systems that use search, so the two of them undertook^ a 
tracking Collectors. The cost of one-axis 50-horsepower (3§-kilowait) irrigation 
tracking collectors for such installations project in August 1975/ 
is now $50 to $200 per square meter, as Within 18 months, the joint project.be- 
compared to.$500 ta$l(M)0 for the more gan pumping water at Gila Bend, Ari- 
elaboriiie two-axis irackifig collectors zona. The system has 550 square meters 
planned for use in centralized electric of collector surface and at the peak of so- 
generating systems. The wide range of lar insolation in June it can pump 10.6 
costs is an indication of the diversity of million gallons of water per day. The col- 
designs and manufacturing lechri'iques lectors are parabolic troughs made of 
employed. '*When .the industry is just aluminized Mylar by the Hexcel Compa- 
geiting tooled up. you are bound to get ny and the h^ai engine is a Rankine cycle 
that sort of spread," says one observer, turbine developed by Battelle using 
Most companies project a cost below Freon as a working fluid. The system ef- 
$100 per square meter in mass produc- ficiency is 7 to 9 percent, and the facility 
tion. The potential for cost reductions in has been operating for 4 rnonihs with 
small heat engines is even greater. The very little maintenance (including only 
custom-made heat engines used today one washing of the collectors), 
cost about SIWO per kilowatt, but mass As the first of its kind, the system cost 
production techniques ctiuld reduce the about $250,000, but Frank Dawson at 
figure to $200 or possibly even $20 per^ Battelle estimates that in limited produc- 
kilowatt, which is about the cost of autii* tion the cost would be $75,000. Battelle 
mobile engines. and Northwest Mutual have found that 

The federal research program for in- there are over 300,000 irrigation pumps 
lermediate-iemperature systems is frag- in use in the western United Slates, oper* 
menied. Work on improved heat engines aling at an energy cost over $700 million 
is done in ERDA's canservalion direc= per year, and most of them have about the 
torate. Funding for model total energy same power as the Gila Bend facility, 
sy stems comes from the agency's sohu^ The operating temperature of the Bat' 
normal division^S9 million out of a $69 telle-Northwest Mutual system is IWC. 
million effort to develop centralized solar considerably higher than that attainable 
electric stations {Si icnre. 22 July). Sup- with flat-plate coflectors. The ^hermody=' 
port for industrial process heal comes namic advantage that intertnediate tem= 
from the ERDA solar heating and codl= pcrature affords can be seen by com- 
ing .branch. Photovoltaic cells can be 'parisoQ with a flat^Qlaie solar irrigation 



system being sqW by a French industrial 
consortium SOFRK TES^ The overalfeffl- 
ciency of the SOFRETKS sysiem is only 
I percent, so it is very, expensfve^AN 
ihuugh the system h reportetjiy nubsi- 
dizecj. a hkilowatt version costs about* 
,$I5,(KM). .'^ 
. Batielle-NorlhwLvst Mutual is not the 
onl^ Ameriwun tnicrprise that thinks it 
can undercut the French price. An engi- 
neer 'who has hegn workhig'on heal en- 
gine development since l%H is selling 
10=kilowat! solar irrigation systems tor a 
' parage price of $40,0(K), Wallace Min- 
^ to, jwho heads Kinetics. Corpofation .in 
S^isota, f'lorKfa, has sold three oflhcsc ' 
systems for use in Sri Lanka, Senegak^ 
and Mexjco. 

I he operating cthciencies of solar sys- 
. terns am pariicularj^ important because 
. they deterniine how much solar collector 
4irea is needed for a given purpose, and 
. collectors make up more than 50 percent 
of costs in a typical solar insiallaiion. 
The foremost merit of intermediate-tem- 
perature systems is th^t they can achieve 
markedly better etliciency than low-icrn- 
perature, flat-plaie systems with httle or 
no price increase. The most complete 
facility for testing intermediate-temper- 
ature sy^tem^ is the government's total 
energy test facility at Sandia Laborato- 
ries in Arburquerque, New Mexico. Re- 
i seUrchers there are currently operating a 
32-kilowaiL system, that generates elec- 
irieity and produces heat for use in one of 
the laboratory office buimings. It will 
be used to test several types of collec- 
tors and heat engines, as well as themial 
storage systems. i 

Although planning for the total energy 
program is still evolving. ERDA envi- 
sions some rather large systems. Agency 
spokesmen doubt that the opiiipum sys- 
tem would produce less than 2(M) kilo- 
watts of electricity, the program plan 
includes a slot fiir^very large facility 
that would produce 10 megawatts of 
ejectr^ity plus concomitant heut. The 
proper balance belween elect ricity and 
heat in a total energy system is also being 
studied in the LKDA prugram = 

As the FRDA program moves toward 
larger total energy systems, the agency 
has already approved two $IO-niilIion 
projects that will he built at the end of 
this decade at Shenandoah, Georgia, apd 
Fori Hood, Texas. Hach of the projects 
will produce 2(K) kilowatts of elect ncity 
ami 1 .5 megi^atts ijf thermal power. As 
such, they are the most ambitious proj- 
ects undertaken to date in the inter- 
mc^iate-temperalure field. 

The Shenandoah project is particularly 
interesting because it will produce elec- 
tricity, hot water, heaiing, cooling, and 



process steam fof a textile factory em- 
ploying 150 people. When the factory is 
coiTipleted in 1981, it will be leased to 
the West Germ^.knitwear-firm* of Wil- 
helntf Bleyle, K.O. In direct-sUniight the 
solaisyst^ will proddce HMK) pounilsiof 
, steam per* hour* ui a lejnperuture of 
169^C--il is si^gd to supply all , the 
/heat the factory needs, The solar en- 
k-rgy system will have 6.(KHJ to 10,000 
square^meiers of collectors when it be- 
•%ins' Operating in l^L ahd there are 
plans iCi later double the si/.c of both the 
solar energy system and the factory 

, A I'lirsimnnldu^ Prugrym • * 

' , Apart tVoni the total energy expcrmient, 
the FRDA program has been terribly 
parsimonious toward project?! fi>r pro- 
ducing industrial process heat with^con- 
centrating colletHors, purling most of its 
money iiftieatf inti^ agricultural projects 
using flat-plate 01 evacuated tube collee-^ 
tors. 7 hjs preference is particularly hard 
to Understand when the agency's own 
priyeciionH show that solar agriculluRil 
projects could displace I percent of the 
country's fuel usage in 2000, while solar 
industrial projects could displace 4,pur^ 
cent. Out of a total of 72 projects, the 
ERDA t4griculture and industrial process 
, heat program has, only three prtyecis 
that use concentrating trough collectors. 
One will provide H5'-C water for washing 
cans at a Campbell Soup Company plant 
in Sacramento, another will prodqce 
I57'''C steam for fabric drying at a plant in 
Alabama, and the third will produce some 
of the hot water needed at a Pennsylvania 
concrete-block plants Construction of the 
three is due to begin this summer. 

While the government is moving slowly 
with a few projects, the prfvate sector is 
movrng^more quickly to commercitUize 
intermt'diaie-temperature solat ipchnol- 
ogy. For relatively low temperatures ^ 
(ltK)"C), the^AIbuquerque- Western com-^ 
pany already has a tracking parabolic 
trough <m tht market for $50 per square 
meter. A more highly concenffating para- 
bolic trough being sold by the Accnrex 
Corporation can reach ^1 PC for filctor) 
price of$l60to$24()pcr square meter. An 
alternative approach is to build a (ixed 
trough made of strip mirrors andxollect 
sunlight throughout the day by moving the 
receiver. The firm of Scientific Atlanta is 
marketing such a contenfraior. designed 
to reach 316-C, for ahuut SIM) per. 
square meter. I he design was developed 
ny Cieneral Atomic, which is testing and 
sellmg rt^search versions thai can, reach- 
497''C^ A difTerent slrip-mirror collector 
being developed by Sheldahl for testing in . 
the Sandia total energy niciUiy. costs ' 
about $250 per square meter. Most of 



thes| devices will deli>^f over 50 per= 
cent* of the sun's energy to the^lieat- 
transfei; medium in the collector, 

While the preceding colleciors»aH fi)cus » 
sunlight into a line thrmigh reflecting 
mirrors, a smaH compimy in lexas has 
'marketed a steerably trough collector 
that achieves jhe ?fimi^ eireci using ii 
Fresnel lens, TIfe colleclorjirodiices heat 
at 120'^C with 65 percent ctliciencv, 
Norihrup, Inc.. a healing and cooling 
company that developed the mk with 
S250,0(K)iif its own money, now has orders 
for over IO,(HH) square meters i>f collec- 
tors, an^ is working on an adv;^ced 
unit to produce higher leniperalureN, 

l o the factory prige of a tracking col- 
lector, auxiliiiry equipmenfcosls, middle- 
man profit, and installation costs must be 
added. I hese factors multiply the basic 
-cost by a factor (if 2 to 4^ Although the 
price of trucking collectors limited to a 
considerable extent by material costs, 
observers of the industry think thai sub- 
stantial reductions can be- achieved by 
clever design and improved manufaciur' 
ing techniques= 

The heat engines needed in many in- 
termediate-tcmpeniture sysiems ^have 
been ordered one at a iiiTie=usuaiiy 
handcrafted by research and develop- 
ment companies at very high prices. 
Battelle reports that the engine for its 
irrigation project (a Rankine cycle turbine 
using Freon as the working fluid) cost 
$50,000, but if it were mass-produced the 
same engine should cost no more than 
S300(). The Onice of Technology Assess- 
ment notes that if 10,000 ^jmall tur- 
bines? were produced each year, ihe cost 
should fall to ^200 to $300 per kilowatf:' . 
and Jet Pftipubiion LaboriKciry vsiimates 
that units produced on the scale of auto 
engines should go f\)r $13 per kilowatt, 
Wallate Minto is. reportedly setting up a 
tacility to produee lO-kilowait Freon heat . 
engines at the rate of 100 per month, and 
his company is selling the entire packaged 
w ith an alternator for -$1250 per kihi- 
watt. " ' 

Because of the wide range of lechnor " 
^ogy already available, intermediaie- 
icmperaiure scdar energy systems olTer 
great flexibility to perform many jobs 
through rapid deployment at smal! , 
scales. Much opportunity remains for 
in^ovatiyn— a challenge only one step up 
from the sort of hackyard inventorship at 
w^hich Americans have t)ften excelleU^ 

In -the. early jy70's, the vurprismg ' 
triitsm of solar energy, was that residen- 
tial systems were ready 'for use. The 
largely unappryciaied truism of the late 
l^JiVs IS that the key components of in= 
difftrial and commercial systems^are now ^ 
ready for wider use. -=W1 Hi am I). Mti/^ 
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Part II: Tapping the reservoir 
of solar heat 
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■Tlmlaro0M •olar eoliflSctor 
in ih« world isontttihat 
"Ba i l Oi ibaoTut^ly w#0tt > ^ W i 



'liHiilit-H-tlw. surf act watari- 
o{tfi»oeaam -- " 

ty ARTHUR nSHlR 

^^Om mwi^^ ^4mmAi Om'mm 

UHle i^ W ^^ttt* bi pr: Rdb- 
€rt Coh^'a Waah^m, ixa, of- 
fice irai wMr^f^ ^ttr. It «w 

arid a flit aobv tiie whole 
iient podkag^ alt^g ftu^ agaipst 
thil iMlda A his ^«^dow. ^ 

d^pe3a&ati0n niedela in Uie ^Axk- 

tmni, Jiffit to reaiiiid tton about 



Kdttf mm^ " nr. C^in told ma, almge davica that smootfc^, mt 

, Odd wQ^^ you ^^t thU^ the int^rmittaice. Unlike tidast 

JtaA ^ flAu^iAo ia hMdjiii cme: waves, and winds, Uia heat stoiad 

Mji"fliiiiito*i ^yto^ to MUifca ih trip bm ta avtatohte m a 

meny from the sea. But ifs^^ier- [ uous, steady b^sis '^day and nlj^t» 
fectly lofi^al. Bob Cohen is pwo: 

Ener^ Coavi^f^^ imder Ae Di« , 
idstoo erf Solar Inargy of E^A^ 
the sew fed^^ En^^ f^mmsth 
and Devel^ment AdnunkMtion 
^(ha.hdd the same Mt the l^a- 
tiond Mimea^ Fbiuidition whaa I 
first apoke ta him). 

Thm ]uik betfl^m sun ^.is 
^i^inm, ajthaiu^ its ^pU^tiras 
EUy not hi, Ae laymani^' ^ys 
Dr. ^h^i "^tiiy Mm the am 
nMms tidM But ttieri's a larger^ 
less oOQ^kuws reaMirot. Kiii^ of 
ene^ the nm proiddM us is 
^bMrbed to ^eans-ra natmml' 
ly ^dsting Wmoal ^llector and 




year in, year out .^M|,4t is a tf«- 
m^hdous ttuount -of mnnt^^ 
enough to fw the whole ooun^ 
try . . /die world» f or to foraw^ 
able futem.^ » ^ ' 

bideed^ many of to admtists 
V^ekm to in pr^ariBf -"U^ awii^ - 
of article on entr^ from ttm wm 
are e^mlly impr^sed. They strongs 
ly^ beliivi tot entt^ eonvtrted 
ftom odiite tormal dM 
renewaUi/^sofitially nonpollutbigt 
^ aiid req^ring no cqmpln new 
technolo^^could begin io makm a 
signifi^t eonMbution to ow 
^ Bsgy ne^s^in to 1980'i. Eventual- 
ly, many/of tiimi hope it could 
help mpplant what toy oonsidiF 
to be an und^lmble and ^tantlal- 
ly dangerbus source^nuclear ^ fis» 

(For a.eomf»rison of tfie various 
o^m ^ergy source on to basis 
df toir size and energy density^ 
s^ PWft I of this seri^j '^Energy 
frcim to iea . . . mv^, tfd^» and 
cufFente," in last monUi'S PS.) 

Tlie^ oceans'" tormal ri^urce is 
§^ enormous as it Is bemuse of 
tiie way the distribution of water 
on to earth's surface neatly dove- 
tails with tiie, solar system's geome^ 
try, It turns out that ^>out 50 per^ 
cent of to forrent'of *solar energy 
intarcepted by the eartfi fafis be- 
tween the Tropic of C^cer and 
trie Trbpib of Capricom. And in 
this sweltering region^ 90 percent 
of tfie surface is covered by the sea* 
Therefore, a sizzling 45 percent of 
all of earth's incqming solar ener^ 
gy is, absorbed by the tropi^l 
ocwis. , 

T^e result is that the surface 
temparaturs of* these waters is vary 
highf ranging from about 70^ F to 
about 85^ F (toughly 21^ C to SO'' 
C), as any va^tioner in these 
telniy clim^ can a|test. This tap- 
id layer is often SOPeOO faet thick. 

Continued 



NyQe, 40Ci-iii9oawatt o^Mn-tharmal-dlffsranea genflrator ii ^pod^mounted avaporatgri IS) ^ywarn^^watencirculitlng 'pumps 



1 concept daysiopad by the Energy ResearQh TaaFfi ef Uniyar^ 
ifty of Masiachuient. Dub^d the Mafk t( Modal Two Sy item, 
it would ^ telhered In the Gulf Stream by af ilngle^lnt moor^ 
ing, and ^^mld ride there like an Mnderwater kite. Concept uses 
^ haat cyclk Galled the Qlosad Ranktna cyQle^ In'which tampara^ 
ture differehea batween w^rm surfaor water and cold subsuN 
face water is used to vaportti and condanse a Working fluid 
that drives a Jurbine^. Irt .th^ drawing, cold water la SM^ked from 
about 75 fa^ above ita^flopr. through inlet pipe through 
Inlet doors (2) Into condinsara (3) Inside the twin SS^foot^ 
diamater hulls, and la diacharged through outlat» In wills of 
^.JM. by tfie Gireulatyng cold-ws- 



(§), Balliit tanks (7) rnalntain negative buoyancy ao entire 
unit flsiti just below ocean surfica. , 

Working fluids alther propane or arnmonia, f1o^§ f rom restr- 
volr (8) to Evaporator feed pump (9), which preesurlzes it, 
through ava^ora^or (S) where It Js boiled into a vapor by warm 
iaawater. The vapor passes through a turbine (10). which 
spins Its generator (11). The^ vapor expands through the tu/^ 
bine exhauat di^sar (12) ahd thaa pesses through the cdn^ 
densafs (3) where it Is condensed by cold seawater. The liquid 
rgturns tp the reservoir (8) to complete the cycle, iich hulL 
pressurized at one atmosphere, contains eight power packages 
cohslstlng of. a cQQdaniarf turbine, jnd gpnarfttoE^ Eash p^^wer 



tar pumps (4), At the surface^ warm water Is sucked through packaga gerieratas Sf^Mw net eiectrical^ower 
ILLUSTRATION iY RAY pjOCH ^ 
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Converting oeoan thermal dMiTrences into dlectricity is simple. The 



This vait.rMrvolf of wami wa^ new science of themiodynami^. 
tof (on a ugh r by e oni g CTleulatiOTi,— ^^^^^^ = 



to aupply 10,000 tiings' th© world^s 
eneigy ne^s) would be ujel^ for 
enerp^ genemtion unl^ there were 
alio available a colder body to 
which the ifbred h^i could flow. 
' It is a fundamental law of physics 
that if h^t energy i% to be cph" 
. verted iij to wrfc, either medianiGeil 
^ energy^ or electricity, there must be 
J a temperature difference between 
two heat reservoii^--one a high- 
* temperature heat iource, the othef 
a low- temperature heat aink: With- 
out the heat sink, ffie heat in the 
high' temperature a^urce could do 
nothing/ Ttie hot sfeam ^n a st^m 
engine does work only because .it 
is hotter than the cooling water that 
condenses it. 

# ; ,- - - 

Cold Undorneath 

Fortunataly, there exists ^ Just 
such a heat sink in the oceans. It 
is the vast* body of cold %ea water 
underlying the wajrm surface water. 
In t!\e deeps, perhaps as little as 
1500 or 20pO feet below the surface 
in some' places^ the waters are a 
dense and frigid 35-38'' F. Except 
In a few Bppts, where there is cold- 
wAter upwelling> the hot and cold 
layers do not mix. Instead, sepa^ 
rated by their dlfferen^Blnsities, 
they go through a slow and ele- 
phantine dance, a global circulation 
pattern thdt sees the warm surface 
waters flow from the equatorial re- 
gions to the poles where they are 
chilled and sink, just as the deep, 
cold waters slide clammily under 
them toward the tropics, there to 
te wanned . and made buoyant. 
Fueledfby the sun, and directed by 
the earth's rotation, this eternal 
patterri ensures the existence of two 
great reservoirs of water 
considerable thermal gradient 
temperature difference, betwe^ 
them. Theor^ically, this difference 
could be used to run a heat engine 
th^t could, in turn drive a generator 
that is capable of producing elec- 
tiicity. 

1881, a remarkable French 
physicist named Jacques d*Arson= 
val made the prescient suggestion 
that in future, man might use the 
thermal gradients in the sea to pro- 
duce electric power, instead of burn- 
ing fossil fuels. fHe also invented 
the kind of moving coil galvanom- 
eter that now ^ears his name.) 
The problem was=and is—^rae- 
thing called the Camot efficiency 
of heat cycles^ Nicolas^ Carnot, 
bom in 1796, livpd a brief (36= 
f year i life in which he founded the 



the most iinportant of all rules gov- 
enj^ing the twnsformation of heat 
to work, either mechanii^l or other 
forms of ener^. The maximum ef- 
flciency of a heat cyoie is CTi«Ts) 
/Ti, where Tpj is the temperature 
of the hot source and T. the tem= 
perature of the cold iourrt, witK 
temperatures expressed as degrees 
Kelvin, (Add 273^ to the tempera- 
ture in degr^s C to get these val- 
ues.) 

From this important rule^ it fol- 
lows that the greater the spread in 
temperature between the h^t source 
and the heat sink,, the greater the 
efficiency of the energy conversion 
schenie and the lower the fuel cost. 
As a result, powpr-plant engineers 
have striven to boost this tempera- 
ture gradient as much as is practi- 
caK Modern poal- and oil-ftred 
plants conventionally operate with 

^ Make it metric^ 




To eenvert degrees C 
multiply degrees C by 
,32 degrees. 



to degfeei F, 
9/5 and add 




a differential of atout 500^ C, and 
er schemes call for temperature 
ererices in the^^ou^ands of de- 
grees. For conventional plants, the 
net operating efficiency is some- 
where around 30 percent. 
' But if you calculate/the usable 
temperature gradient in the Means 
atp say 20^ C, you wind up with 
a maximum Carnot efficiency .of 
about 6.7 percent. 

Since the fuel—the hot and cold 
water— is free^ you might ask what 
difference the very low efficiency 
makes. The answer is that to ex- 
tract reasonable quantities of pow- 
er=the ti^e rate of energy pr^uc^ 
tion— endrfious quantities of water' 
must be rapidly circulated past vast 
areas of heat exchangers, m^. deep 
cold water must be brougTit near 



the surface. Tliat poses problems 
i d fe tfieBipfaic^gtofbufli^ 
ing such a power plant, li the ef- 
fort worth it? 

A Frenchman named George ' 
Claude decided it was in the late 
1920's and the 30's. He built a. 
plant, based on the^shore at Ma- 
tanias Bay in Cuba, and ran his . ' 
cold-water inlet tiirough the surf. 
Claude managed to get 22 kilo- 
watts out of his installation, but 
whether that wilb a mt output= 
whether the plant was really de- - 
Jivering more power than was put 
into it=is still unclear. At any 
rate, the plant was not an economic - 
success^ and the problem' of main- 
teining the cold-water pipe through " 
tropical storms was insurmountable. 

One of Claude's problems was 
his choice of one of two possible 
heat tycles to drive his plant. He ' 
opted for the open cycle, which 
uses s^water as a working fluid as 
well as a heat source. It works this 
way: The warm surface water is 
flash-evaporated into steam inside^ 
a boiler where a partial vacuum is 
maintair^ed=around a half pound 
per-squa re-inch pressure for water 
at rabout 70^ F. (At atmospheric' 
pressure, roughly 15 psi, water 
won't turn to steam unless it's heat- 
ed to 212^ F.) The steam then , 
flows through a turbine, which 
spins a generator, and electric pow- 
er can be taken off. ^ ^ - 

Open-cyole advocates 

^ Claude's successors did not have 
much luck with another open-cycle 
scheme off the Ivory Coast of "Afri- 
ca in th(^1950*s. And , there are still 
persuasive advo^tes of the open- - 
cycle system working today' They 
include Dr. Donald Othmer,, Dis- 
tinguighed Professor of ElectHcal 
Engineering at the Polytechriic In- 
stitute in New York, aiid Dr. Os- 
wald A.^Roels of Lamont-Doherty 
Geological Observatory. Both men 
have been active in promoting open- 
cycle, shore-basecf plants in the 
Caribbean. In such plants, the deep 
cold water brought up contains con* 
centrated nutrients that are valu- 
able for maricutture, the cultivat- 
ing of seafood such m shrimp and 
oysters in ^"pens** ^filled with the 
deep water sucked up for the power 
plant. (An experimentaj installa- 
tiop on St, Croix fn the Virgin Is- 
lands has apparently demonstrated 
the practicality of such a mari- 
culture scheme. See PS, March ; i 
'71;) A bonus from such open- ^ 
cycle plants is fresh water from the 
condfensate, a safeble Commodity. 
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ohly problem is e&st 



Closed Rankln«oy6l« for SGlir tea p@w< 
mr planta auch ae the . Htronemua eon' 
empt on page 79 l§ §h9Wn here ichemat^ 
Ically, with deta suppned by Ctarence 
Zener and Abrahlm^ Lay} of Carnegie^ 
Mefion University. Note that although 
ttknperature difference between wirm 
and cold aaa wMar if 20° C^^nly half 
this gradient la Ktyally^a^^allable to tha 
heat engine ^ Itielf. The other half is 
^ needed- to drive heat from the warm sur^ 
face water. Into the evaporator and from 
the condenser Into cold deep water. The 
groii efficiency of auch a heat cycle Is 
about 3.3 percent; the net efficiency, af- 
ter accounting for pumping and other 
tospei. Is about 2,1 percent. 
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But the open-cycle system has 
severe, handi^ps when it comes tp 
generating power alone. Steam at 
^he" wafer "temperature avanable 
has such a low vapor presaure that 
it require a veiy large diafneter 
turbine to produce significant quan- 
tities of power, so large that the 
capital coat for building such a 
plant might well make the whole 
schetne uneconomical, in the opin- 
ion qf at least some power engi- 
neers, . 

Arid , as one engin^r told me, 
**Wa donH want to kill the goose 
that lays the golden egg. flB the 
|plden egg shrimp, or is it" power? 
* vote for power." 

So does Dr. Cohen, late of the 
National Science Foundation and 
now at ERDA. Hit looks4s though 
the consensiia is, that if you want 
ocean thermal power, the closed 
Rankine cycle is the way to go,*' 
And that's why, in part, Hhe gov- 
ernment; via the NSF, has award- 
ed ftinds * for r^earch in ocean 
thermal work to scientists and en- 
gineers closely associated with tiie 
closed-cycle approach. The princi- 
pal ones are J. Hilbert Anderson 
hk got) James Jr>^ of Sea Solar 
Power, Inc, in York, Pa,; Dr. Clar- 
ence 2iener and Dr, Abrahim Lavi, 
6Jf Carnegie- Mellon tJniversf ty in 
Pittsburgh, Pa,; and William E. 
Herbnemus, Prof^^r of Civil En- 
gineering at the University of ^ros- 
sachusetta, Amherst, Mass. ITheir 
proposed ocean thermal-difference 
devices differ in many details, but 
they all iiae essentially the same 
thermodynamic cycle. 

Applying the Rankine eyale 

The closed Rankine cycle resem- , 
bles a refrigeration cycle, A work- 
ing fluid that boils with a high 
vapor pressure at a convenient (for 
the oceans) temperature circulates 



^,endl©BsIy inside the heat engine, 
^ in a closed loop continuously 
changing *from liquid 0 vapor 
phase and back, never (accidents 
excepted) es^ping. This liquid is 
compressed first, then flows into 
the boiler o^ evaporator on one side 
of a heat-exchange surface, Warin 
water flows into the boiler^ on the 
other side of the heat exchanger 
and gives up enough heat to vapor- 
ize the working fluid. This .high- 
pressure gas then enters the turbine 
and expands, doing worJt by driv- 
ing the turbine, which can be con- 
nected to an electrical generator. 
The gas, now at low pressure, en- 
ters a cwidenser, ^^pr^4t surren- 
ders heat, through landyier heat-ex- 
change surface,^ to cold water from 
the deptiis. 

Hie working fluid could be am- 
mbnia, propane, or one of the Fre- 
on-like fluprocarbons; each has its 
merits, and its proponents. Because 
the vapor pressures of these fluids 
are so iftuch larger' than seawater 
under a vacuimn, the turbine size 
can be reduced to practiral dimen- 
sions. The efficiency of such de- 
vices, however^ istheoretl^lly lower 
than open-cycle systems, h&mum 
considerably less of the ttier- 
mal gradient is available to the 
heat engine itself. (See schematic, 
page 81). The net efficiency of a 
closf d-cycle system is about 2.2 • 
percent. *'The thinking now," 
says Dr. Cohen, "is to place such 
plants at sea, not on shore, to ob- 
tain the greatest energy potential. 
The amount of energy you can get - 
when you site the plant on shore 
is limited. First of all, coastal land 
is very expensive,/ An^ the slope of 
the b^ch as it ruAJbut to sepl^has 
to be very steep; otherwise^ »yoti^ 
wind up running miles Mnd miles 
of pipe to get ^our cold w^ter. And 
^ of course you've got to have a good 



thermal resource. There aren't too 
many places where *all these things ' 
are favorably combined . . . , Our 
goal is ,to generate very substantial 
amounts of electricityi so we think 
we have to go to floating plants at 
sea." ' 

One projpo^l for such a plant, . 
developedcor Dr, Cohen's program, 
is pictured on the opening pages of 
this article. Professor Heronemus ^ 
designed the mammoth device to 
provile 400 mega^tts of power, a 
sttile nany experts in the ocean- 
thermal field consider to be ' a more ^ 
or less Optimum size. ("One hun- 
dred megawatts would supply the 
residential electri^l needs of a city , 
of 30d,000 to 400,wO persons.) 

**Qur system," Prof. Heronemus 
told me, **is based on an ^ idea of 
J. Hilbert Anderson and his son. 
They said *that even though the 
United States doesn't have any 
tropical waters, it has the warm 
Gulf Stream* We want to let the 
Gulf Streant deliver the warm-wa- 
ter, resource to the device, and then 
we grab hold of it and pump it \ 
through the evaporators. We want 
to moor it about 15 miles offshore 
from the University of Miami t^^^ 
the first site. Mooring is going to 
be a problem, but it's feasible. And 
we'll use either" propane or ammo- 
nia. Ammonia has better thermo- 
dynamic properties,, but propane is^ 
much easier to handle, , » . The 
condensers in this concept look a 
lot like big automobile radiators= 
they're plate fin heat exchangers^ 
but the plates stand about 30 feet 
tall, and the cold water flows 
across the plates through ^one-half- 
inch^^de passageways. ^ • 

^ Ready In six years 

"We . could have the first of 
these 400-megaw^tt plants on sta- 
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tion, le^^rating electricity at a rea- 
a^mdite price, at ttie mid of \^ 
wfth ir^gmm that would 
cost tba goversflMQi |540 million. 
\ I'vi putidnt^ tai such pfOgraXDS 
--^tfie Tdlans projuct was bifger^ 
wd I know it's feasible." 

Hemie^us (and othefi) dted as a/ 
source ^ inspifatim, ««s M tiun 
by ttui ideas of ^lorgiis 
CnatideV Mr. (SrJ told 

me tt^t wHm hQ first berate m- 
temt^ in oMn therlaul d^r^ 
jnce^ in 191^, he hi^ had Ip&g 
perimce witti ^sm^ turbin^p ind 
. air condidonini and refrigemtlon 
' equipimnt (he was a dUef mgi'^ 
ne^ foi tto B^f^mt^ C&tp). 
Under an NSF pan^ tide Ander- 
^siM-ha¥e^^deri^[^fr-AE^}r w^*^- 
ing model of what ttiey ^1 a Sm 
^lar Power Plant. Hie model ppts 
out 100 watto-mough to li^t 
a b^b-%htti eneri^z^ ^o 
UfiK0rwati^m^wa^ 
Mr, Anderson was pleased to note 
' ttiat ttie tiufbine of ttiu demonstai^ 
tion model huned ow when the 
tCTpmt^ di^K^^ was aa lit- 
tle as $^ uring a f^rigemit^ 
called R-11 as the jmrUng fluid. 
W course, Mr. ^Serson 1^ bi#^ 
^g^ ftings m B^dU ^o vnti a^ 
lOO^Mw plant ttie dze/of a ^p, 
about 400 feet long, witti tiie d^ 
10 feet abo^ ^e iurfa^ where 
the wanxhmiter intake is. 

My last port of dalL on o^an 
thermal differm^ ms at Ourne^e- 
Mellra Univmityp where I t^ed 
witti Dr. Ab^Mm Lavi, Troi^QT 
-ol EkcMcat^lln^neaingrUid^U 
vemty Prof^or Dr. Clarence Zen- 
er. ( the mne physiciBt who^ 
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developed tibe Zmm diode w^ baA 
in 1934, "a whole lifetime mgo" he 
says. And Bcb Cobra ^s, "I 
twit him by i^ng he^s etched 
from solid state to lii^d state."} 
Hie Zmer-Lavi Camegie^Mellon 
;team-has bmr emcentatbig most-' ^^ipli^tii 
ly on developinig engin^rihg sys- Two inde] 
t^ns i^dysi^ ^and mi Ways to im^ 
,p]c^M ihm petforaan^ of heat es- 
^dis^ttere. ^ 

Says Zmer: **We tiiink ttiat 
power mm indeed be obtained via 
ttie ocMn thermal^ifferen^ route 
at a iuffidratly low cost to E^lke a 
very si^ifl^ait impact 6n our efl^ 
ei^ n^^. ^lis is a low-teohnoU 
flrtd— it dQWi*t f ^lUtta^^^m^. 
nuijor techni^l breaUthrou^is.'' 

Dr. Lavi: *'If we were to shift 
geare right now, we ^uld have a 
one-me^watt oc^n^themial plant 



worUng in two y^rs, off an island 
like Ha^mii^ with an ispenditure 
of just $20 millloti--a test fadl^ 
fity. , . ^ We' could begin to get 
' cmnm^i^^die, lOO-200-Mw plants 
<m' line in ttie ISSO's. We could 
b^d a dozen of tlmn a year." . 

concern over the pwible e^Ipgi^l 
impict of Aidh powei^ pIante.\Dr, 
Zener cpmmmte t^ ask^ ^e 
q^eetlon» by w^t amo^t would 
we have to reduce ^e rate of evap^ 
cmtion in ^e ^pl^ ,to supply 
all j^e ofier^ n^ used in 

^rld? And the anOT^er is thcee 
l^rcMt. I don't toiow whether Ae 
iropittl .countri^ would rotnplain 
'about be£Qg. a little l^m wat and a 
little ^»c^r/' 

™-&^€©hin-har r^mtly^ let a con- 
tact to Ae Na^ Reseat^ Labora- 
tory to look at the environmental 
inipict of "moving water around at 
millions of gallons a minute." 

What llMahMd ^ 

As of this writing^ E^DA is pre- 
pamg a craapr^msive long-tenn J 
ene^^ prbgnupi to mibmit . to the 
Conpf^^ perhapi this monA. But 
1^. C^ira^rSp '^e*re still foot- 
ing fw a ^^ting pilot plants niay^ 
be :0,^^wattB, in. JL981. Iliat 
would TO a'ntiier nice coincidence 
cmtenary of d'Arsonyal'fi . 
orfgitud ^^r . . . he re^mmended 
^e d^ed ^^It;, by &e way." And 
itifoiTO^ iourc^ in tiie.field believe 
tlut ^ govemm^t will field a 
lOD-mepimtt conunercial demon- 
station iMdel by 1985. 
-I'tee ai^ stilly evm in ti^ 
technolo^" , fleld» numy pj^blcms 
to be eolvrai fwling of ^e heat 
wdhsMsm manne org^isms; 
mooring vb, ^AyrmjodQ pMitioniiig; 
whi^ worUng fluid to use; corro^ 
ritMi^of^ ttg mefat J)arte; nmny pther 
detuli/^ut ^e problem s^m to 
hs ^IvaU^^widi a reasoimble ap- 
ley^and man^houw, 
dent studio on o^an 
tbennal ,||^wer (by teffioas headed 
by Lo^(^ and TRW ) should be 
made public tiiis monft. 

What I^Jl hap^n after tiiat? I 
will Quoiip witiiout cotntnenti Fro- 
f^or l|eronemus on the 8ubj€€t' 
**The l^rg^t problem wnf rontmg 
enerpr flltemativ^ is a public-r&' 
latioM jproblem. The only way^ 
we're ^uig.to gel tii^ altematiyes> 
su^^^-es l^^n thermal-diffarencea 
geheratol^r^ for enough ordinary 
citizens to decide that they want 
them/* m 
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oUe of the most tantalteing potential energy sources in the world 
today is relatively unknown to the general public - it is sea rhermai 
pos^r, a method of produdng energy by using heat engines to: horness 
the small temperature variations between the sun-heated surface of the 
tropical seas and the cold deep water, . ^ . 

Sea thermal power is by far the ocean's greatest renewable energy 
source, being replenished daily by solar radiation. One team of re- 
searchers has estimated that this power source is capable of providing, ' 
on a continuous basis, 200 tinies the earth's total power needs in the 
year 2000.* 

There is one great difference between seu thermal power and oth^ 
solar energy technologies: Because^, the surface of the tropical seas 
never falls below 78 degrees F, at any time, it will be possible to 
operutfe sea thermal power plants at full output, or close to it, for 24 
hours a day year-round, That is. since the ocean's surface waters act as 
a vast- repository of solar heat, sea thermal plants will not require heat 
storage capacity in order to produce power during periods of little or - 
no sunlight, Down tfnie (when plants lire not in operation) will there- 
fore be\Jimited to periods when majof repairs and maintenance must 
be underhiken. 

All othkr proposed systems for use of the sun's energy (with the 
exception of arrays ot^ solar cells orbiting in space beyond the earth's 
shiidow and outside its atmosphere) require some means of storing 
heat or electricity. Such a constraint incrt^ases plant costs in two ways: 
First, the solar collectors themselves must be several tirhes as large in 
such systems as in a system which requires no storage. Solar collectors 
in the Arizona desert, for example, receive useful solar heat for about 
8 hours "a day* If such a system is to provide energy for 24 hours- a 
day, if must have three time^ as much power capacity as one which 
operates eontinuously^ day and night. Second, if a highly efficient stor- - 
age and retrieval system is used, it is v^ry :expensive. In a small wind- 
mill power system, for example, the cps^Jpf battery storage cojn- 
ponent is usually 50 percent of the total^c'pst. In a large power system, 
a cheaper, less efticient (about SO percejit^ storage system would prob- 
ably be used. The power capacity of syaji a system ^ould have to be 
further increased, in order to supply ihe additional power lost in' 
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Sinee the oMah's surfaee 



chinical work of spinnihi a turbin^/ 
Heat eiiginet in fossU-fuded and nuclt-; . 
ir power plants perfori^ the rami 
npfirallnnT in Iwtb^y^i ggfiPritnrs nm 



tery of solfr heat, sea : 
thermal plants will not 
require heat stdrage^pac- 
rty In order to produce 
power during periods of 
little or no suriltght. 



rstfievsi,^ Limits on available amounts 
of sunlight constitut€ probably thy 
most important obstacle to widespread^ 
solar development. (Of course, if a 
solar power lyitem is' intended for^ 
peak power demands, oiily, which^- 
usufllly occur during daylight hours,* - 
stprage is not necessary J ' 

How It Wori^ 

The heat engines in sea th^rmDl plants 
transforni heat energy into the me^ 



eonnecited to the turbinei to produce 
elf^riQity., \ 

Thi miiiu4ort^eriUon here it the 
step Involving tmnsforniation .of heat 
energy into mechgiiical aiiergy to drive 
the turbine. According to the second 
law of thermodynamici, heat can be 
tramformed ^into work only while it 
flows frdm a Jiotisr ^^^^t source" to a 
colder '^heat sink,'- In a steam turbine 
powered by oil or cdalj fuel is burned 
to prpyide heat^ and the natural out^ 
sid^ environment is the heat sink/ The 
burning fuel heats the water in the 
boiler, producing steam (the working 
fluid), which expands and is driven by 
the rush of, he^ fd the heat sink. The 
turbine, a special kind bf wheel, or 
series of wheels, with vanes or buckets 
mounted on it, harnesses the rushJng 
^ steam, Some.^^of the steam condenses 
^>jnto . water as it gives up.eneriy in the/ 
turbine* Remaining ^team is condensed 
in the heat sink, also called the con- 
denser (see Figure 1), 
; This entire process is what is meant 
by harnessing the vdtiaNon between^ 
two temperatures. The application of 
tins principle to; ihfc^^ 6ceah*s storedv 



heat was first suggested in 'l SSI by 
Jacques d'Ai^onyal, One of his stu- 
dentSi Georges Claude, weht on to 

Jh^il^ja amftIL working plint 

on the coast of Cuba in the late 

i9aos/ ; . ^; 

While iteam is the workihi fluid in 
^ a stearn turbine^ Claude used warm sea 
\^er as the working fluid in his sda 
therpial .plantj a method now .referred, 
to as the Claude^ process, or the open 
cycre . method, The problein with Ihe 
CliUde process, ho we ve/, is tl^t the air 
pressure on the warm water must be|^ 
lowered to a point where vapor will 
form *'which can propel a turbine. 
Water vapor, however, has i low den- 
sity which* requires that the turbinq. 
have, a proportionately large area of 
Vanes, Such a turbine for a commercial 
plant would be inordinately large, Ex- 
pensive, and difficult to maintain. An 
Qpen cycle turbine for a 100-megawatt 
sea thermal pla^t', for instance^ would 
have to b^ more than 40 feet in 
diameter. " , 

A n*alter native to warni~waferivould 
be a type of working fluid which va- 
porizes (boils) at the upper reaches of 
the given temperature range, yieldinf a 
^h^h-densiiy vapor, and, of course, con- 
denies; in the lower end of the range 
(as in ah^-Qfdiriary refrigerator). Warm 
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aod cold s€a water w^uld then be uiid, 
; idtirnat ily to vipQri{ie'^&nd condense 
■ ; * the working fluid/ Jrwrtinei for the 

' ' lli^ pepdp " cirt 

5 4^^^^^pro^^igte^ ohl^ttnth the ike of 

ifTibpen. eyde turbin^ 
'r^'^;^^The uke of j("WQ^k]iig fiuid dt|rtr. 
.^ .< tiian vipor^ed sea watef, however, pre^' 
iimtir,itS ;own problem » Heat ex- 
changtri muit bf bulit intb the plant 

teiign. A heat excHanger simply a 

mtei the w^orklng fluid froin tfai heat' 
source and the heat tink, permitHng 
the heat to^ravel from thp source (in - 
this case^ warm sea water> tHrou^ the 

. working fl"ij1 4^ volitUe fluid) , 

and intP the heat sink (cold sea water), 

-■'^ There are many technical difficyltie^ 
associated with the daiign of gfficient , 

^ heat exchangers for sea tliermal plants. 
These^ will be discuised later in con^ 
h^tion with plant construction costs, 

FindiJig Warmer Watm ^ 

The gentfal location of the sea tliermal 
resource Is, roughly, the 1^700- 
mile^wide area around the equator be- 
tween the Tropic of Capricorn and the 
Tropic of pancer. The 'dcean covers 90 
percent of the^ earth's iiurface in this 

\ equatoriat region. Some of the most 
\ promising areas for sea thermal devel- 
opment are the South Atlantic Equato- 
*rial Current area; ?t he Gulf of Panama, 
Micronesia, and the northwest coast of 
Australia south of Java. Other areas 
with usable, temperatu^ variations are 
the s€a around Hawaut«^ost of the 
Caribbean, the Gulf Stream off the 
east coast of Florida, the Gulf of 
Mexico, the Arabian Sea, the Indian 
Ocean, the East Indies, and the Atlan^ 
tic Ocean of the coast of West Africa, 
One of water*s most important 

. properties in this application is that it 

- forms relatively stable jsothermal layers 
layerl determined by temperature 

. ^and diJisity::^^ which oin he tapped for/ 
sea thermal power 'without significant 
disfbrbance. The combinalion of this 

, property with the - global pattern of 
ocean circulation forms the physical 
and environmental foundation - for sea 
thei^mai- power. In general, warm water 
flows. away .^froniihe equatorial regions 
while cold water from the polar re^ 
j^ons flows under it toward the equa^ 
^/tor -In the^ Gulf Stream off the east 
coast of Florida, for example, warm 
sea^ater flows northward in a current 
more"^ than 100 feet deep at a rate of 
27 mijjion tons per second with cold 
water flowftig southward just beneath 
it. As the cold water reaches equatorial 
regions, it is heated, its density de^ 
creases, and it rises to the surface to 
begin its flow toward one of the poles. 



The reverie proceti takes place- with 
^rm water reachinf the polar regions, = 
T)iis>; vait ocean circiilation guarantees 
^^^^^^^^^wj^^^^^of^^^ 
tnermii power s ntai linK, -^^^ 

Cort Factoff 

{while nuclear and fossU-fueled plant^> 
joperate with artificially induced tem- 
perature variations of hundreds of 
tjdegrees, sea thermal plants must opei^ 
^.Igfe on ^maUi naturaUy ocQUiring tem^ 
' perature^ variations" ( JO to 40 de* 
greis FJ. A fundarhenUl law of ther-; 
modynamics is that, given a heat 
source and a heat sink, there is a maxi^ 
mum theoretical amount of useful 
work out)put. Wfrh a large temperature 
* variation, the maximum \ theoretical' 
. amount Isxcl^s^ ^o 90 percent; ^ ' 
smaller variation, it is less than l^^er- 
cent. However, the scfus/ amoi^^of 
useful output is approximately half of 
the theoretical amount. HencCi a sea 
thermal plant will only yield about 2 
. . tQ„4..peicent_effiden^ ill. actual OAcra-. 
tion, while nuclear and fossil^fueled 
planti yield 30 to 40 ■percent For 
many years, this extrerheiy low effici- 
ency discouraged many investigators of 
sea thermal prospects. What these in^ 
vestigators perhaps failed to consider is 
the total economics of the power 
source; if the fuel is free, the effici- 
ency factor changes si|nificantiy:^_ 

With the costs of all conventional 
„fulls continuing tOw escalate since the 
1 973 Arab embargV of crude oil, alter- 
native energy sources have been more 
^closely examined than ever before. 
Two years ago, the National Science 
Foundation (nSf) and the Energy Re- 
search and Developnient Administra- 
tion {ERDA) awarded large grants for 
parallel feasibility studies of sea ther^ 
mal power to two aerospace com- 
panies, TRW, Inc., amd Lockheed Mis- 
siles ani Space Company, Inc. These ■ 
studies resulted in cautious corrobora- 
tion^ of the jeoQcluiioni of earlier piCH 
neering studies: Sea thermal power is 
technically feasible and commercially' 
promising^ ' ^ . ^ " 

The TRW feasibility report included 
close ixattiination of the cost estimates 
of three different sea thermal research 
.. . ^ _ •■ • • 



The heat engines in sea 
thermal jplanti transform 
heat energy into the me- 
chanioal work of spinning 
a turbine. 



poups. One of the report's major con- 
duiions vpif^ . 

"The f ftw teim has, conservatively 
eitimated c apital coiti of proponents* 
concepts,, based on present technology 
in equipmenti inaterials, gnd fibrica" 
tiom A range, in= 19^4 doUarij between 
S 1 ,400 per kUowatt and 1 1 J06 p«r 
kilowatt spans the propojientiV con* 
^pts. Theie figures are higher than 
proponints* estimates, all of > which 
appear io reflect slgniflaant^ economies 
re suiting s from techn^lp^ d^ ygiop^ 
rnent^ If the TRW estimates' are regard-, 
ecf as reflecting present technology^ thl 
^roponentp* estimates would seem to 
live incentive to oTEC focean thermal' 
'energy conversion] technology devel- 
opment.'* * 

By comparison, estimated construc- 
tion costssf nuclear plants planned for 
1985 operation wiir range between 
$830 and $1,000 per kilowatt. Coal- 
fired plantSi including devices to re^ 
duce emissions of sulfur dioxide and 
particulates^ w411 cost about $750 per 
^ kUo watt „ t o ^build^ Jo th^^mit buy- f ueL. . 
Electricity from these nuclear plants 
will cost at least 37 mills per kilowatt- 
hour; electricity from the coal-fired 
plants will cost about 44 mills. Elec^ 
tricity from the ^ sea thermal power 
plants may be as low as 25 mills per 
kilowatt-hour, ^ 

ERDA*s position, yoased on the 
TRW and bockheed studies, is that sea 
thermal power will be commercially 
attractive if the predicted capital costs 
can be cut from\ the estimated 
$ 1 ,400-to-$l ,"700 per kilowatt to .about • 
$1,000 per kilowatt. Research teams at 
the Johns Hopkins Applied Physics 
Laboratory, the University of Massa- 
chusetts, and Carnegie-Mellon Univer- 
sity aU believe the $1,000 figure is 
achievable. 

Clarence Jener, professor of engi- 
neering at Carnegie'-Mellon University 
and a leader of the^ sea thermal team 
there, believes that the cost of one of 
the most expensive ItMi in-a iea ther^ 
mal plant, the heat^exchangefs, might 
be cut in half if specially designed sur- 
faces to improve heat transfer were 
used - an improvement which would 
make possible the use of heat ex- 
changers with a smaller surface area* 
While some experts estimate the ex^ 
changers to constituie 26 percent of 
the total cost of sea thermal plants, 
others estimate the cost at more than 
SO percent. Thus, a significant cut in the 
cost of .the heat exchangers could great- 
ly reduce the construction cost of the 
entire plant. Most Tesearchers agree that 
the development of low-temperature 
heat exchangers, a relatively new fie Id, . 
presents the greatest challenge in the 
field of sea thermal power. I 
i Unlike conventional heat ex- 
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. , „ ■'.lit Ma UieriMl 

. ^iiiti' v^sQf riqabtd to wHtintttt.^, 

Sir niOi^^ iair^q9igMmn$a^m@f» tl^ 
^ AUfI be aM to f^st corotiop by^iea 
witer. pbiUb^ iwiiii or^fsn^ 

*fy ^flous problem^ Mechanical or 
> ^^emkat €l^iiiiig may b« tc^ eitpem 
tt?e, ' as wtn at poiiibfy ha^itful 'to 

The^ choice of Aiateriils and deaign foi 
heat ficAaiiiera mliet take aU of thear 

' ^piobfeins into condderatianr 

^Yit^lMtfter eoWdentbn Is the dif- 
fariig ehaiagt^tics of 
different locations. According to a 
^rivatdy funded feadbility itudy, per- 
formed for Solar Power, Incor- 
porated^^ "Site selection is extremely 

- impof tant to the g^etation o^tf oub^ 
free power..** The idea! site should 
feve a gentle, directionij current and 
an absence of fouling orgafusms and 
^iroiive elements in the s^ water.'' - 
The longevity of the plants and |he 
reliabOity f( power generation are two 
more ai^ts of th^costsl Oth|ir specify 
k e^onomiQ factm will be discussed 
fcter. 



toSil * 

Most of the construction of sea t her- 
nial plants unli be done in shipyards. 
Tugboats wlU move the plants tb theif 
rites. Cdld-witer pipes^couid be floated^ 

bean propdsed by Lockheed, to be in- 
. stalled and extended therej or hauied 
to the rite in sectkins for on-the^pot 
assembly. 

According to a member of the TRW 
research team: ^ 



Electricity from nuclear 
plants will ^tt at leatt 37 
mills per kilowatt-hour, 
from eoahfired plants, 
a|NOUt 44 milISp and from 
sea thermal power plants. 
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'in ^ntrast witii find^sited power 
plsntSf Qp^orluniUes for cost tgv^^ 
ings through reptication are signifig^nt < 
Kn ansiogy , In iwtmi of design arid 
construgtionl k shipbuilding: IdtnUcil 
OTEC planU might be constructed in 
quantitiei constrainad only by demand 
and production capacity/' 

Zener pointtd out soma years ago 
tft^t' the principlis aj; work in sea ther^ 
ntaK power do not in?olva advanced 
tichnoiogy but, rather^ ''sophisticated > 
plumbing,-*^ A large part of the escal^^ 
tion of capital costs of nuclear plants 
has been laid to increasingly stringent' 
safety and environmental standards. 
Sea thermal power^ becouse^ of its in^ 
^rnnsrc^^'fely alnff^ icceptabil- , 

ity, will not be similarly affected. 

The job of stationing a sea thermal 
plant ' on site involves problems of 
ocean engineering. The greatest chal- 
lenge here is probably presented by the 
"Uold- water pipe, which must' have a 
very large diameter (at least 40 feet) in 
order . io d^reaiie expensive pumpinj 
reduirif^nts. The pipe must be from 
1.000 ftH to 4,000 feet in length, de^ 
spending the site, in order to obtain 
the coldest water possible. With the 
small temperature range involved, each 
degree of temperature difference is cru- 
cial; questions of economy, such as 
whether it b worthwhile to lungthen 
the pipe to obtain water which is one 
degree cotderi will have to be decided 
oh the basis of further research and ex- 
perience. 

Several types of coid-water *^ipe 
have been proposed: concrete pipe 
resting on the ocean floor, Jclescoped 
concrete sections with voids for buoy- 
ancy, Welded reinforced aluminunii 
steel pipe with inner walls of smaller- 
diamuter pipe, and reinforced synthetic 
pipes. Research is now being done to 
determine the static and dynamic loads 
on .the^ j/arious pipQi^ _ - 

Fiber-rein&rced plastic, or nylon 
coated with neoprene and stiffened 
with steel rods, appear to be promLiing 
materials for the cold-water pipe. It^.is 
nor clear at this point whether the 
technol^y has advanced far enough to 
enable such pipe to be constructed 
=i economically. 

The size and construction of the 
plant's hull are also significant factors 
in dctenriining cost and siting, TRW*s 
and Lockheed's baseline concepts call 
tin very large cylindrical and spar hulls 
of reinforced concrete*^ which will 
house the tiubineSi the pumps/and.thu 
heat e?tchan|ers.. 



Jimes H, \nderson, two piorieeri in 
the Ttfld founder! of S^a Solar 
PoWfer, Incorporited, bilieve that a 
much more compact hull is ^ossibte if 
the heat exchangers are placed outside 
■ the hull at depths where the ocean's' 
hydrostatic pressure equals th£ pfe^re 
inside tlie exchangers* If the Andersons* 
proposal is feasible, not only can the 
hull be significantly smaller, but the 
heat exchangers can have thinner walls 
' (becausi they^d not have to withstand , 
internal pressure) and can therefore be 
less expensive, ^ 

Positioning th^ plants will probably 
be done with the use of Jet streams of 
^ used warm water and cold witeF» from 
. the plants, another innovation first 
proposed by the Andersons, Perman- 
ently mooring the plants appears ex- 
pensive and unnecessary. 

T-he most formidable ocean con^ii- 
tion is the Vsea-air interface," where 
waves, windSj and storms can do mu^h 
damage, The*best^strategy .is simply to 
submerge a large portion of the plaAt 
to depths where the water is free of 
wave action. The. resulting stability will 
be much peater than,* for exampjej 
that of off-shore oil rigs. MaintenancCj 
of course, is madesmore difficult, but 
most of the plant should 'be relatively 
maintenanfie^free. The periodic use of 
frogmen, if only for inspection pur- 
poses, is probably, unavoidable. 

Sea Thermal Pr&ducts»' 

Neither the TH'W nor the Lockheed in- 
vestigators were asked to sCiidy the' 
question of energy delivery to shore. 
Yet enerfty delivery is obviously of. 
great ^ s^nificance for sea thermal 
power because the best plant sites, gen- 
erally speaking, lie far from the biggest 
users of electrieity, . 

A very important factor which most 
investigators, have come to realize is 
that forms of energy other than elec- 
tricity must be produced if the use of 
sea thermal power is " ever to become 
widespread. One such use, first pro- 
posed by William E, Tleronemus, pro- 
fessor of civil engineerir^ at the Uni- 
versity of Massachusetts and head of 
the university's sea thermal team, is 
the production of hydrogen at the 
plants by electrolysis. Many experts 
consider hydrogen theoretically the 
ideal synthetic fuel: It can be mixed 
with natural gas; it can power ^ fuel 
cells; it can be burned in power plants; 
and, unlike electricity, it can be stored 
cheaply. 

Other investigators, especially G. L. > 
tXigger at the Applied Physics Labora- 
tory at Johns Hopkins University, have 
proposed the product^u of amn^nia, 
an energy intensive product usually 



TOffl^nitunh 
would combine nittogin removed from^ 
the air with hydrogen produced by 
electrolyse to make ammonia,^ 

The most ambitious proposal so far 
has been made by the Andersdni:- 
Fresh water, i^arine foodi € carbon 
dioxide, oxygen,' afltf nitrogen could be 
produced with relati^y Uttle power 
consumption. Hydrogenv nte t ha nol, a hd^ , 
amnionia could be produced using on- 
site power. ? 

Fresh water is produced by vaporti^ 
ing some of j he. used warm sea water 
and thgn condensing it with used cold 
water. Only ,\ to 2 percent of the 
warm water paping through the plant 
would ordinarily be made into fresh 
water, according to Anderson, In o 
'lOO-megawatt plant, this would run to 
jibou^ ISO million gallons per day. At 
20 cents per one thousand gallons, the 
fresh water coi^ earn $11 mUlion a 
year. Fresh ^afer can be barged very 
cheaply. And in ' areas where fresh 
water is more valuable than electricity 
or synthetic fuels, plants could be 
designed to produce much, larger 
amounts of fresh water, 

A portion of thfc nutrient-rich cold 
water' will be. sufficiently ,wa|rmed in 
condensing the fresh water for it to re- 
main near the surf ace ,of . the ocean, 
where it cain be used in food-related 
projects. An experimental mariculture 
farm ^^d on nutrient-rich &id water 
has bieen in operation on the island of 
St, Croix for several years.^ Depending 
on the required number of tons of ■ 
water per kilogram of fish, income 
could range from $7 million to $80 
million per year. 

The Andersons propose to deaerate 
the warm sea water before sending it 
through the heat exchangers, in order 
to control fouling of the exchangers by 
aerobic organisms. The components of 
the removed air ^ mainly oxygen, car- 
bon dioxide, and m'trogen, which are 
present in higher concentrations in sea . 
water ^than in the air above — could 
then be separated by refrigeration tech- 
niques. The yearly income from carbon 



Mo$t resaarcheri agrsi that 
tha develppment of low- 
temperature heat exchang- 
ers, a relatively new field, 
presents the greatest chaU ^ 
lenge in the field of sea 
thermal power. 
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dioxide tstlmtM at $32 mUUbn; 
^fnm nitrogen, $6 S mtllion; and ffom 

oxy|#n, $5.5 mfllion! 

The ilectricity Itielf wouid b§ 
■ worth $17 miiiiofl it 25 mijli per kfe^ 



m^tUlmuT. H the electricity is used for 
el6clrglyiii» th§ rtiultiiig hydfogenv it 
%l,9^^t tpn. fa worth $33 millioiL 
Ad^tenal o^rgeA worth $6 J million 
woud*^^rtC0roduc§d, ■ 

The \yntheti€ fuelj jnithanol, ctn 
b€ produced by combirioig hydrogen 
from electrolysis with carbon dioxide^ 
but it-miiTmit pff&pi sueh> pr^ueti 
, is not profitable. Ammonia, which can 
be - produced by combming hydrogen 
and nitrogen, would coit $ 1 70 per ton 
to pf ddyca and, aggin^ may not be 
profitable at this time. 

If f^%m such as hydrogen, oxygen p 
^ ^rbon dioxide, and nitrogen all of 
whiiUi have important' induitrial uses — 
are prbduced on sea thermal plants, it 
may be a natural step for the plants to 
a^ as abases for major refining and 
manufactuf ing , ptocmsm. cjhe possibil- 
ities of ammonk and methanol produc- ^ 
tion have -been mentioned. Both 
Anderson . and Du^er haVe proposed 
locating aluminum Tf^dyction factories 
on bqard sea thermal plani;s^or nearby 
on shore. Several countries with large 
^auuti deposits, -^oh as Jamaica, are 
in'^he tropics near the sA thermal r^ 
source. Yet, currently, baiiXite ore is 
transported as far away as Canada, 
where it is then made into aluminum 
- an energy^ wast ing proposition^ (iPr^ 
mary production^ of aluminum in the 
U.S., incidentally, accounted for about 
12 percent of the total 1975 industrial 
electricfl sales,) ERDA and the U.S, 
Maritime , Administration have made 
p^ants for the study of the potential of 
sea thermd industrial complexes. 

The main' ^oduct of the first sea 
thermal plants, however, will probably 
be electricity. Hawaii, Puerto Rico, and 
Florida have sit^ near centers of high 
demand for electricity. According to a 
privately funded fea^bility study,^ 
underwater cable power transmission is 
feasible, costing $13 million for a 
twenty-mile cable systemror S to 10 
percent of the total capital cost of a 
lOC^megawatt plant. 

Environmental Eff^ts 

•bemuse the use of sea thermal power 
does not r^u^re extraction of fuel 
from the earth or burnmg of fuel in its 
operation, many of the environmental 
effect Sj such as air pollution and ridio- 
active contaminatton, associated with 
nuclear and fossil-fueled power plants 
are not present. Nevertheless, one 
direct conjequenge which has been sug- 
gested by the Andersons is the heating 
of the ocean/ h might ^em, at first 



glance, that Just tiie opp^^te would 
occur; that is, that the ocean's temper^, 
ature would be Ibwered b^ause of the^ 
. removal of enirgy^ from the witer. The 

removal of the warmest water froih the 
surface and Its^iubsequeht, relaa^ into 
the ocean's depths (a necessary step in 
' the sea thermal process) will enable 
more solar hest to enter the surface 
, water, thereby slightly increasing the 
total heat in the ocean. • 

It should be stressed that the pre- 
"^Cted t€mperatur# Increases^ even if 
the sea thermal resource were devel' 
oped on a large scale, are so srnall that 
they can be measured in thousandths 
of degrees. Most other sea thermal jn- 
vestigators do not believe there will be 
any change at all in the amounf of 
heat In the ocean. TWs, again, is an 
area which needs further study, both 
in regard to effects on marine life and 
on wither eonditions, (Weather mo3- 
jfication can be caused by even small 
alterations in the heat balance of the 
ocean,) 

Another po^ble effect on marine 
life might be caused by a ma^ivi spU! 
of the working fluid. 6bviously, the 



effect would depend on the type of 
working fluid being used. Proposed so 
far are ammonia, the hydrocarbon ipr^ , 
panSj arid any one of several heavy • 
^ioMrbons, The .pQssibllity ofouch^^ 
accidents bccurfing, and its conse-^ 
quencesf niust be considered/ / ""'"^'^ " ■ 

As mentioned earlier^ local fertUiza' 
tion will pccur^as the result /of warm^ 
ing of cold water through its use as a 
condensing 'agent. This is considered^ 
commercially beneficial. Still, it is also #i 
a major ecological stress the long-range 
effecjs of wWch /are not .fdlly under*, / 
stood, ERDA is supporting studies in 
the entire^ area of ecological conse^ 
quences of sea thermal power. 

World Impact 

The results of developing an entirely 
new energy source would naturally be 
significant, 'as well as varied and unpre- 
dictable. Sea thermal power's economic 
effects on the tropics alone will bf 
profound. Economic growth has histor- 
ically been harmful to ecolopcal 
balance, " causing depletion'^ of natural 
resources and fouling of the air, water, 
and soU. Environmentalists have under- 
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itindabiy come to thfe cOndiuilon that 
the popuktions of economMiUy ad- 
vah€ed nations mtiit bggin to kirn to 
"do with lesi.** * . 

, tharnial pow^r offtmV||¥erai adyah^ 
tag^: For initincey'fls'wBe^f^i^^ use ^ 

, would r@quirf« in some meaajre^ cl«an 

= 0€€yni, Thf preifncgiOf oil slicks could 
foul thi ^xchanggrj surfaces^ makirtg 

. efncignt um of the' resource difficult, 
Corrosive yheinicali; in t^e sea Water 

, couid shorten the life of the heat ex- 
.ihingirs/'""^'; ' . / ^ ; ' 

Another point in favor of sea ther- 
mal power is that it tups conBtantly 
'replenished solar fieat instead of releas^ 
'ing the concentrated stored heat &c- 
cumulated over millions of years./ The 
Lockheed report statesr'^ 

**The approximaffe 3 percent of the : 
energy A that OTfec extracts from the 
sea water passing through it at one 
time is a small imount, to be sure. But 
the balance of the energy is returned 
to the ocean reservoir wheie it is aug- 
mented by this sun and can be used 
again later^*' / ' 5 : ' 

EHDA (andi earlier, {he NSF) de- 
serves credit /for making sea thermal 

, power aQcepcable as a possible new 
energy source > Since the researcli pro-^ 
gram began^tn 1972, the federal sup- 
port for it has approximately tripled 
each year; and from 1974 to 1975, it 
quadrupled to $3,000,000. 

ii Hilbe^t Anderson, the . earliest -. 
modern innovator in the field* believes^ 
the technology exists now for the 
design and consCnietion of a 100-mega« 
watt sea tl^ermal plant which could be 
in operitim within four or five years. 
It is his ppihion that oidy the exis» 
tence of a completed plant producing 
significant I amounts of power will pro- 
vide suffidlent motivation to launch an 
intensive Idevelopment pro-am. Once 
launched, he believes, sea thermal 
power will prove to be the most im- 
portant technological advance of the 
twentietl^ QgptUQr, □ 
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A central receiver Illuminated bj?a field of jheliostats can 
absorb 10 to too megawatts of iufiljg^^ 



Alvin F. Hildebrandt andXorin.L. Vant-Hull 



shown no iubstahllve ' techmci^ prob- 
Ifiiis with thii approach. COst fstimates 
show that no dmrnatic ttchnioal bi^ak^ 
through^ should be required to bring the 
Qpst of this systenii onc€ It- is in inais 
productiop* into the range where it can 
com^te^ith other environmentally be- 
n^ffi^|K>wei^ planti^ ^ 
In the baJance of this article, we shaii ' 
' discuss (i) the plan of our solar thermal 
* power'^^stem or .^'solar power tower*' 
based oi^pttcat transmission, (ti) the 
history bfj he solar tower, (jii) the receiv^ 
er subsystem, (ivi the design of the he- 
Host ats and their placement in a field, (v) i 
thermal storage, (vi) environmental con- 
cerns, and (vij) economics. 



Many solar collectors presently on the 
markel are suitable for providing dohtes- 
tic hot water and for heating hdmes. the 
higher qtiality energy required to ef^ 
< fectively drive an ajr-condltioning cycle 
. is proving somewhat mofc difflcult to ob^ 
tain with flat:plate collectors, but prom- 
ising solutioiis are on the ti^rizon^ There 
is a general consensus that further I n- 
sreases in enei^y costi or collector per- 
formance coupled with the cost esBuc- 
tions resulttftg frofn mass production will 
resuh In a sizable domestic market for 
solar collectors, and substantial reduc- 
tions in fossil fuel requirements fbr resi- 
dential heating and cooling over the next 
I0tp20yeai^.^ ^^y ^ 

We wbulJ like io cpnsfder here a much 
larger potential market, the electric and 
gD| utilities. ^Cpusideration of turbine 
cycle efficiency leads to the obvious £on& 
elusion that to genenite electricity ef^- 
fectively high-quality heat is required, 
for tTcmrtprtT^ioO^ Sifffimi^ 
temperatures *are required 'to^driye:most 
^useful J htmochejnnicaKr^^ Such 
temperatures are beyond the range of 
flat-plat^ collectors and are marginal for 
linear- focus, concentrating col leg tors. A 
further requirement of an electric utility 
i:s that indtyidual units produce on the or- 
der of 100 megu^^t^ ofj^lectrjcity.* 
Sri]aHer unitMend t6.be less WpBcien! and . 



Dr. HUdsj^^ndi h proff^sor of phf^iss and diree-' 
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more costly to purchase and to o^rate. 
To power such a uni) requires the use of 
most of the solar energy incident on 3 to 
5 square kilometers. The use dr20,0(W to 
. 40,000 tracking parabolic dishes, each 
^concentrating energy on an individual 
heat engine, is one relatively complex al- 
ternative^ A second altemffive is to col- 
lect the thermal energy Trdm such a dis- 
tributed army of lindar-f^or poirit^focus 
concentrators by means of a fluid and 
use it to operate a turBne? the com- 
.bination of costs and^ losses asso« 
ciated with such a heat tr^sport system 
can easily become prohibitive/ A third 
alternative is to collect energy optically 
^m a lai^e arf a wjth. th^ -use of helio^ 
stais, V. / ^ ■ 

Heliostats— large, nominally flat^, iwp- 
akis tracking mirrprs-^an b^i used to 
hold thi In^ge of the |un (helip)^starion- 
ary (stat) on an elevated absorbing re- 
ceiver continuously^ This procedure per- 
ils the absorpffonm aw of V 
about 2/3 of the flux incident (taken as 
the product of aboutr-4 kilowatt per 
square meter penetrating the atmosphere 
multiplied by the total mirror area). Be- 
cause of ihe-central focusing of energy 
from thdusands of heliosiais. the ab- 
sorbed energy can be extrueted from the 
receiver and delivered to the ground at a 
' ttim'peratUTe ' and pressure suitable for* 
driyij^ a cunvientional uliHt^-iype steam" 
liJH43ige for electrical gentraiioft, Three 
large design studies <discussed below), 
jcu rrc ntly , hearing cqmpj^^dni, hi'Ve 



The flm of the Solar Tower System 

s ' . 

A tower supporting a solar receiver- 
boiler is located near the center of a field 
of minrors or heliostats (Fig, J). Radiant 
eneiiy reflected from the sun is inters 
cepted by the receiver, and -absorbed as 
heat on Its surface. High-pressure water 
cireulating Jhrough tubes forming thii 
surface is converted to steam and re- 
turned to, the ground, Here4lvmay be 
used to power a 1 00-megawatl (electric) 
turbine gen^ator set arid ^imtiltaneously^ 
to charge a thermal storage unit for de- 
ferred operation. 

Although differing in detail, a variety 
of systems consisting of an external re- 
ceiver (as showh in^Fig, 1) or a cavjty 
receiver can be designed to have an 
overall efflciency of 2/3' for the con- 
.version*of the energyHncident on the op- 
_ Heal ape rtu re of t he s y st e m i ni o i h e rm a! 
"^ner^ (available as. high-pressure 
sieam)! where the reference is the^mijror ' 
area muliiplied by a representaiive^irecf * 
beam insolation of 950 watts persquare" 
meter. j^pically, 2Q||ip heliosiais.each 
40 square meters in area are am yed over 
an al'^eaaif 3.^ square kilometers ^sur- 
/punding. a receiver elevated 260 meters 
afcjgye t5e.iroujnd to provide 100 megai , 
waiis (elecirfcT^ Such a system can dellv= 
er an annual average of 5.5 kilowatt^ 
hours of steam energy per square meter 
of mirror area on, clear days in the 
de^rts of the U,SV Southwest. ^• 
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Hlilori of the towtr Coiictpt ^ 

The concentraiibii of the direct beam 
tfompuineht of sunlight with heHostais 

inMructeU soldiers io reflect the sun oht^ 
the^^ii of m enemy veHsel by aareftilly 

Xicienting their burnished sh^ds (Kelio^ 
'?itats). Their efrorts were suWessful, for 
ihe vessel wa;* sei afire. It was not until 
sevtrlbl thousand years later thai Trombe 
anil h'X 90- workers added hydriiulicplly 
controlled sgrvomechantMni^ to an ar ray 
of [urge heliostat?^ to produce an auto- 
matically controlled I -megawatt (thcr-- 
mal) solar collector ( / ). Iriteresied in pro- 
ducing high tumperiitiires 10 melt maieri-^ 

„ al?». Trombe added, a large, fixed Qon- 
jicntrator con^iisifng of a parabolic dish 
and achieved a tempgniturp of 4I(MFK, 
Baum ill: Q) investigated a tracking ar^ 
ray consisting of heliostats on moving 

. railroad cars, aimed at an elevated cavity* 
rcctiWci-boiler. The cavity was to be ro- ' 
.luteU.io ftice the, heliosuits thraughuui^! 
the day tu achieve improved perform- 
linwb TKey ^nmd that u prohibitive pow- 
ci' requjremeiit would arise beeaUK^rt^R 
the very slaw spgeds involvet^^ the 
^iieels on the duHiy railroad track would 
cMperiencei starling \ friction cdntin- 
uously., 

Pilsnuia dc>^eIoped an intricate clock- 
driven field of 271 heliostats and was 
able to produce steam at a rate equiva- 
knt to 150 kilowatts (i). Using flat mir- ^ 



rors» he obtiin&d an inten^ty s0m#what * 
less thiVi 271 ti'mai the logal beani conw 
^ohent 'ofr'diftct .sunlight, and. with 
*\lished mirrors sopif what more, Thii 
gffngiprlrwsriu l fea brla^^sM? litttb^ 
Eation of i^r energy^on a megawatt 
(eleciric) bas5 because It isjmpfuciical . 
til cdnrject many thousanUs of heliostats ^ 
into a single clockwork device^ith ^uf-' 
ficient precision. Moreover* the mecha- 
nism is not well soiled to the hirger^nir- 
rors required for an economicaU system 
dft^n, : ^ , 
A xeinVeniLon involving a large num- 
ber of heliostats took pla^ in 1976-1^71 
at the University, of Houston {4), |This^ 
work was supported by the RANN pro- 
gram of the National Scie^e Foundation ^ 
(NSF) beginning in I^J,^pd"in "1975 it 
was iraftsferrgd to ERDA (Energy Re- 
search and D^velo^qient Admini^tra- 
tion},.alpng with related investigations 
(5). j buring 4)ur study of long-term prob- 
kiTiis.'in siierfce and engineerings it be- 
. c;l!jje,apparent^ that the outlook for ener- 
gy sources beyond fossil fuels was hope- 
ful but uiicyrtain. Clearly , ^o^ energy 
could be utilized. Since some investiga- 
tion of the possibilities ha^ ,already been 
carried out, we Considered only the most 
promising options. Photovoltaic cells 
were considered first but., because of 
their large cost and low efficiency a^^tjiat 
time, were rejected in favor of f^ol^ft 
tially efiicient thermal conversion i^ytles 
ctSmpatible with the utility grids, Steam- 



^ctHc conversion cycles prc^uemg 100 , 
to 300 megawalts (efectriq) are well de- 
veloped by the utilities, which ais# have 
a large-seal^ distribution system. It 

^efflfd^^d^iabie to^ uti i i^tf avai ia 




, Fig. I. The MW-mcguwutt (ulectric) hclioslat powor plant concept. The tower (260 meters high) 
near the center of the field has a bdiler on lop. About 20,000 heliostut^ (6=4 by 6^4 meters) would 
• (^ required, spr^id over an area of ubgui 3.5 squary kilometer^. A lO-megawatt (eleciric) pilot 
' plant fs under development by RRDA. Water is pumped up to the receiver and the steam is 
. "brought down to the cDnv£ntionul steam=eleciric generator usually employed by utilities^ i 



tr^nsmissioh methodic 

The laws of physios tell us that the . 
highest quality solar energy is obtained 
with a point^focusing device dnd that the * 
radiative equilibrium tempemture is lim- 
ited to thai of the soiirce^Jn this case the . 
sun at abour 5720^K/ To^proach this 
temperature would requite an ideari«is 
or a perfeet-fotusing .mirror. Because 
large' lenses require excessfve bulk.mate- 
riaL mirrors are preferable. Although 
many small' focusing parabolas can be 
used, it is expensive to produce accu- 
rately curved mirror syrfaces, and the re- 
quired heat transport system entails sub- 
stantial loss. Less loss^ would result if, 
using essentially flat mirror segments, 
we could have a single parabola with an 
aperture of about a square mile "(2.6 
square kilomeier^Jn fhe I950's Pilkirig- 
ton Brothers, developed an ei^6^ 

nomic process for casting precision flat 
glass by slowly cooling a^i*continuous 
sheet ef molten glass while floating it on 
a bed of molten tin (6). The ye*Cultiiig 
strips of float glass, 3 to 4 meters; wide, 
canj^u^^ tp construct large. two-i^i|^~^ 
sieered^nfi\^rorVor heliostats as depicted 
in Fig.,1'L An"^"array of ihese, heltostats^ 
constitutes what might be describe as a 
tracking Fresnel reflector. 

In discussions of the solar tower con- ' 
cepi, the question of the ''best'' size sjrs- 
lem always arises. The correct answer to 
this qilestion depends upon the assump^ 
tions made or requirements imposed at 
the onset. For example^, one may assume 
focusing optics with the total of aber- 
rations and other optical ^rriurs flxed at 
some dc^^n value. Typically, a standard 
deviation of 0.166^ or 3 mllliradians can 
be achieved at moderate cost (the solar 
disic subtends about 10 milliradians). For 
sugh a system the concentration is fixed 
by the rim angle of the collector and the 
geometry of the receiver and will not be 
afl'ected by scale. Thus, one is then free 
to choose the '*besi" system bused on 
thermodynarnic cycle efliciency arid the* ' 
economics. of |*roducing the Selected col- 
lector. ri^H^cr, un4^^nergy transport 
system. 

A capacity of 3p to 100 mpgawatts 
(electric) at a single site is probably as 
small as the utilities would like to consid- 
er integrating into the grid because of 
synchri*qizaiion, switching,, ^;and dis= 
patching" jprbblems. One can generate 
this eleetricily with a single turbipe^, us- 
ing energy from a field with an are^^f I 
square mile collected either opKbafty (so- 
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lowf f) or by meafls of a ^at nans- 
ail iystim to gathfer to a cpminoii pomi . 
* Ihe energy abiorb^d by a distfibuild syi^ ' 
t^m of collators; The distrlbuM syitem 
cuilecmri may ddflyiki' of eitjwr nu- ' 
meroii$ minMoW€rM or a iii*, 
. .. , cjrtyj|rfual coUe^tcirs. As ar altertmil^^j^v io 
this heat Ihinspbrt system, on^ ean uie 
litht^ smaU jufbi^s ^fth teth imaii diiV 
^H^uted All^ M^l^ltowf r or v#yi i^aA : 
■ 0niin0s at the f^un of parabolic dishes; 
t lAVe believe ^that these alternate 
"proachc* will bt less efflcietit and 
^conumical than the single lowff ap^^ 
Iproaeh. Heat losses in the smaller Iscale . 
systems are^mucn haf^er to deat with,' 
^d smaller heat engines currency avail-- 
able are appreciably less efflclenl'than 
the large uiilfty turbines^ In addition, the 
' jparts associated with each reftector ui\it 
arfi markedly increased in numbiir and 
v|\lomplexity if one adds a smalt^eat an- 
. igine to each one. such as a Sririihgt or 
'Ericsson* cyclie "isotKermal expansiun 
* |md compressiodL^ ^Fhl.. ^hoti£C^ 

tkMTal length ef 'the smaller systems also ; ' 
friakes it necessary td use k larger num- 
ber of rtiure highly curved reflcctpr seg- 
ments to achieve, the, required 3-miilirar' 
^ ^ian beam error^^ding aberratm^ 
' The cKojce belwien one or a few solar 
towers i:^ Ifess^harp, The cost ^of tewers^ 
, . up to about 350 meters In he j|ht tehds to ^ 
scalt '^th the corresporiding* colj^ibr 
area, becoming appreciably more expen- 
sive itt the 400-m^er range/ Btldv^ 200 
megawatts^lectric) the tower cost, dues 
not s^wficanily affect the argument. In 
the #Mfe from 10 to 200 megawatts 
i(electric), suitable steam turbinfe geherai' 
tut ..costs ; and ihermar-to^leclirici con^ 
■it v^T^fon efficiencies favor 4h^ )4rger ■ 
^-/siz^s, A lO-megawatt (electric) generator 



range; ihe^llo^ed sfg^nt lize tecomes . clude^pilpt Wants planned by the Eleetric' 
equal to the,6^iii#teF ditoietfer of an eco^ ; Power .ReseaEgb liistlt as well a» the 
nomicaJhtiiostar,'andnqroi^^ FrerifeFvahd^ftiriise governments. An 

rors cyi be; usedl iftertfe^ Vequiil^ i^lRb A'-funded Sl|ar thermal Test FagiN , 
meni tor locus or cammg. sjegments "re- \ity {STT(^)i k gonstrucijon at Sah- 

vlMKel a cot^tramtph rt^^ 

*fliat wili !nevita|bl|Mi^ 

• liO|fets^nd;^£^^tiU(^|j^ a Ipwer.^o^t' 

For/f^p^ieaHbnsV^^ w a smaller 



iimourivtW^pawi^ at a local 

pumping - te^ulrement, other tonsid- 



; c^a ; Labprdtor^_AI^qi^^ New 
M^imm md ih j0^m(m^mp\ei ion 
^iif'earty*i978. The STTF is a small 5^ 
megawuit (thermal) solar <6wer collector 
fi)r testing the IQ^megawatt (electric) pi- 
lot plant prototype'^ompbnents and per- = 
forming related s^ar en^gy . researeh. . 



^ wquld eosra^groj^inriately $300 |ei|jfcilo 
^>ifflj:(elec<ric) and have an effic|iH^i^ of 
\S5 percent whereas the corresj^nding 
valuts^a^UOO megawatts (elfctHe^^'l^irt 
$^50 and ^ percent, Co n sequent I y^^un- 
der the ^stated as^umf)tiohs^ w#wo^ 
corifcl ude fhat ce rt tjgl rece 1 ve rS i n il 
etoi^1rom^50 to 200 rnegawaiis (llectt^ 
an^^^iidfit: economical way to sup) 

*>^iifi ©miibluskm is reinforced b 
itm iiiij^rs with a radius of cyrv^- 
|featef"t^an a few hundred riielers 
f^terMress-curved from flat set- 
|i^\|miwtaied adequa!ejy> by a imall 
^^faceM. each canted at the if^ 
' n^e> Either of these '^ ap; 
l^ure'tofc^be cbeaper than oisi-^ 
arttng curved mirror seg- 
equate optical ^uaTity to, 
^a.h^h fractipn of undistorted, 
□ticm. For Uvger scale sys- 
I ttie'^ to 200- megaw at t ( elec t ric ) 




eraijohs cbnieftnto play as well, such as 
the avaiJa^Hity of a grid tie-in and the 
availability;^ requirement for reliable 
bacMp^ Smaller units with aloweropti^ 
ca] cpn^nii^Mun will usually require 
lowbi| dperaji^g. j^emperaiures io reduce 
corivectiprb aftd Tera^ Ibs|gs. In 
yener^il,^ we be11ey^,,thai a single soli^ 
tower Will &^>he mp^t efficient! lowest 
cost, ai^ mdstvn^liabl^ means of ^up-v 
plyin^any^lm- nequirfSeni iri the range 
, ivfQ;iOOO,meikwatti^<^ 
; Jow J megawatt Cth^rmaD^ftwparab^lic 
dishes or troughs flis*^ be- coi^petiiive. 
The pnl^fsystertis currently ■un^r deveU 
opmerit'^hich may^tfpmpit^ with ihe^s^ 
(ar tower are the fi^ed r^fleciqi^tTipa^ing 
rec el yei^ concepts,: 'Ajthou^ri thrie ' flit ' 
lineat .systems^ atid^ so' i^hd to jsiwrdie 
' lower concentratidnr^han isSvlidable, 
wjth^the ^^poin^l focus*' ^blar ioWer c<mi- 
cept. these systems have the qdvaniage 
of aft emplaced reflector which" does not 
require support or steering. Afier.tHis ad- 
vantage has been weighed ^^jnst the^ 
disadvantage of a tracking receiver and 
relatively poor aperture utilizhtion. atJe- 
flriitive comparison can. •^perhaps, be 
. made. Because the reflector contour 
must be carved in the ground, individual 
collectors ;large#*^an a few megawatts 
are not practical Thus forjarger power 
requirements;!" the earlier argumems 
aga^tdistri^ted systems, apply. * 
. Aspects ^6f, the solar^iower system— 
exterTfeLor tavity receiver, flat tsr focus- 
ing heltostats« and methods of storage^ — 
are under study by a four teiim ERDA 
effort io result in a preliminary design for 
'a lO-megawait (electric) pilot plant by , 
June 1977 (7)^parstow, Cahfortua, h^ 
been sele^te^^di "^he site ^r the pilot 
pllmt. It isfmtic^ted that the first step 
in bringing .dcfel^^r commercial solar 
■ plants intothl^^^p&xperienced for the 
^^pnstf^l^^.. ari^mieling of nuclear 
pla^^ll be to >rnc reuse plant;sizc to at . 
100 megawatts (electric) at a single 
t^te to achieve better collector and tur- 
bine efficiency. Figure 1 depicts the con-^ 
cept for a lOO-megawutt (electric 
onStration plant (7«). = 



. The Design oirihe l^tliiiStat Field , 

Because the heliosiat fldtr comprises ^ 
about 50 percent of the total cost of a? 
commercial solar tower system, design is 
crucial. For the lO-megiiwait (electric) 
pilot plant there would be appFo^imately J 
2()(K) hyliostais, and for a 100*megavvatt ■ 
(electric)' demonstration plijnt about 
20,000 heliostats. The four design teams 
have all concluded that the^most ect>- 
. ndmical Heliosfats hav<an area of about 
^ 40 squure rfreters and^sre corn posed of up 
■:.t6 nine segments* For the pjipt-plant, the 
.segments must be either cu^ed or cant- 
)^^d to provide itn added degrfee xir focus- 
ing, Important design factors ar^ wind \ 
and' gravity loading. The elfe^^atidn' afd 
azimuth sensors and actuaiofs mystiiave 
along life and will require only attacflgn ' 
of a percent' of the ener^ coilected. The' : 
design should be suitable for mass pro- 
duction and easy installation. ; ' 

/Th^ heliostats must be spaced in such^ 
a way as to avoid excessive shading of 
one another or blocking of the reflected . 
radiation in the^ daily and yeariy opera- 
tion, pe tailed^ computer analysis has 
shown that this can be accomplished 
for a nonuniftsrni imif ror distribution 
resulting in " a ratio of reflector area 
to land areas. 6, varying frofi 0.4 to OA 
and^averaging abqut 0,25. Fa ^ from the 
towyr the heliostats must bespaFsely dis- 
tributed to prevent blocking of the re- 
flected sunlight by adjacent' heliostais. 
The heliOstats are individually servo- 
controlled by a closednloop ^^cnsor feed- 
back systf^ or- by amtfpen-t^^ 
control to repeat thiftolar'beam'onio the 
receiver ajl day* 

A computer override initiates opera- , 
tion each morning and stow (shutdown), 
each night, Hustains a uniftirm track in ■' 
the event of a brief cloud ihterruptionl. : 
initiates \i rapid scram (shutdown) mod^^^ ' 
in case of coolant or boiler failure, di- v. 
rects the heliostats to a safe onqntation 
itT case of adverse, inclement weather ^ 
demf ^ conditions. A vertical stow (orientation 
of the heliostyt in a vertical position).can 



Other^ solar tower developments in-*^ minimize hail damage or counter ice 



loading and, if the htfliustatM ure dicing 
downwind, can alleviaie dunuige from 
blowing sand, A huri/uiiiul iiow reduce?* 
struciurulv.hpecifiuutions for survlvini 
high winds-, why reus a pari Hilly or toially 
Inveritfd slow reduces the acciimulaiion 
i>r dust. The helii)suiis are designed U> 
t^'ithsiund wmUgusth to 17U kilomelei?i 
pfcr hptjr in hoij/unial shm . I hc possible 
^'uqtjirtfrMeni o( an invgrted slow sfill 
tindet'r^iudy and coiild Li.dd appro^imuic- 
.>y li) lo 15 petCL'nr to the energ\ *josi?* 



because of structural requirements in the 
heNostat mount and tVLtme. A t>picai hu= 
iiustat with sensor is shown in this larluff' 

of Fig. . ., 1/, 

A map of the esliniaied direct ^annual 
beam radiuiion over the UnitedlSiiiies 
trig. 3) sugge^ls why sotur lOHcr'pluiiis, 
as oyilined, ssould be piinuuih -.iiUuicd 
in the de?*ert SouthvsesL 1 he lieliostal 
system apprqximutes a poinM4)wMs paruB- 
ola imd. lequtne^'^ Uireet'heimi iiul/^ijiin 
for imaging. ;M3e clear,' dry, (isually Urisi- 




l-ig. 2. Solar iitwcr ^tc;int-clvctriu "ptuver pliiiit st/Mcriiiiii^: Ahiuii 2(KKi hL'tii^^t.u>> \.^uulU ru = 
quired for ihe HWincg.t\^an (ciecf rit ) pyi)! phmt. 




Fig. y '\nnuitj .iser.tge dircci iioririal liisciliilion lin kilimuif 4unir*. per smurw^ rritMer) esnm.ilud 
fron) Uitiil hciTti^phyriw insol,?tion il7) . ' 



free deseri air (deally meets thi'^reqirirv' 
nieni. As the solar elevation decreases, 
^ibsofption ^diie ,lo the atmosphere in- 
creuses; a iisefiil number lor ihi? solar in= 
lensily when the sun is high overhead in 
clear i^ys is y5U watts pur square meter 
un a surface^herpendieular to the ra\s. 
Tiiis \s lo he eoyipUied \o about iJs kijo= 
AAatfs pt;r st|uare meter above the Litmov 
sphere, 

'^t'siiig a cleur-arr insolation 'model for 
an iipiimi/ed heliONiai layout, ue obtain 
diiih posser curves as shown in jMg\ 4 fifr 
flat yriHJiullit WK. Movsever, fiivorable 
siuith skyies slioiild bebUlili/ed vshei'e 
available: 1 hone ealculaiions acLOunt for 
opticai ;md iherrruil looses \\y\ a HH)- 
me^u^ ati (eleeiric) generating pluntAuih 
fi hiUMs of'storage. While shading tif he= 
liosaiisiund blocking of the lefleeied ra- 
diation i& ilceountcil for, losses wan be 
kept iiegligible ioi solar elevaiioiis ur eai- 
er^han aboiii 25 b\ caretiil tieki lupoid. 

I he niirror relleeii\ ii\ is assunicU io bC 
{)})\ and the receiver ubsorptivi!^ (1,^5. 
Dust ToVses (5 percent) luuI radiation and 
wonveetion losses (7 perceni iil tlie peak 
s alliel^ are also aeeoilnled loi I he 
ainoijhi of energ\ tiaiisniilietl into ilw 
uoiking nnii^ varies s\ilh ^olai elev alion 
from 2 ^ lo about I 2 o\' the pu'dikt ol 
the -sidai inlensitN ' and the total aivLi ol 



\ \w HceclviT 

Ihe ieeei\ei subs\stem \m]s\ be able 
to elfectis el> ' intercept the sunlight re- 
tlecled tVom the lieliostat field and ab= 
sorb it as heat. Ihe heat niusl be trans-^ 
l^rred to the receiver coolant at ihe^de- 
* laired temperature s^ith minimahlo^s due 
\o rermliaiitin und eonveetion. I'oi' a lUO- 
niegauail (ejeeiri^j-UJDmmeiciai leceiver 
s^e lia^e deterniind'tF^thai the^e requyc- 
menis can be met ^Il'ectiveK bj, ava\ = 
lindiieal receiver 17" meters in dlfinieier 
irnd 2>.^ nielers tall, supported 'i.MVio 
3(H) meters above the heyostat Held;' |.feie 
outside c> lindrical j_ waif forms the ub- 
sorhing surface, which is made ot 2A 
identical panels ea(^h 2.2" meters sside. 
^1 or -a uatei_ steam jeceiver each panel 
.uifh'.lie ciiinposed ^if 170 Iiici>lo\ iH(H) 
lul^es 13 nnlliriieiersMi! tuitsidc diameter 
connected t(i fieadei^ \n maniliilds at the 
top arul bottom= Thc'walef vsill be tians^ 
formed to superheated steam in a single 
piiss thri'Hrgh the receH<*i ^ l^^ Hos^ t)f 
ptehealed ccntlant tlirough Wich panel 
will be independently iijntlolled to wom = 
peiiside for variations in ineident nuS '" 
C'onsequeniky, the ciiiiput tr.pm all panels 
can be combineil into a single U4>tt n- 
Ciiinei . SS iih uoi nial dcsr^n and in = 



siilitlion. Ihtf heal loss of this energy ';^more readily follow. the VLiriuiioO'^' in in- 



^jransport subsystem Is insjMnihgiini. Pvr 
the tfJtternal rgeeiver Using water-sieain 
us a working fluid, the outlet temperaiiire 
is 'between mr and 550' C\ At this fteuk 
temperaiure u pert^et blagkbody Ciin ra- 
dime oril^ Hboiit 35 kiiowutts^ipcr sqiRire 
muter, and convewlion loss^^s, even in a 
strong wind, are only about half as great , 
Um' a nuvxiniuni loss of less than 40 kilo= 
' watts per sijuare meier, l-'oy the steam 
system the receiver llux will be ledueeU 
by a nukyipoint aim strategy in the pik?l 
plant to about A(M) kilowan^ per sqiiare 
meter (fHM) in the eoninierei;\desiyn). In 
each ea^e the average llux \ind mean 
loss) U fihiiiit 2/3 the qnoied Vilue, so 
that the respeetive receiver K^es are 
about (2 and 6' pereent, lespeXively. 
' Fhe higher receiver teniperature'? ^ler- 
aied'in a reeeiver ci»oled with liqtiid -50= 
diiim we have eonsiUered niight duuhlc 
the thermal loss per square meter, but, 
sinee lluxes of up tn 2 ni'eyiiwulls per 
square meter ean be lolcrateil, a smaller 
reeeiver ean be used so that the per- 
ecnjage loss would, in faei. be less. 

A variety ol cavity ilesigns are iuulur 
study as alternatives to the external re- 
eeiver we describe here, fhese include 
lube type, multiple=pass. s^ater-sieam 
bitilcrs; open cycle air or dosed-cycle 
helium eeraniic tube or honeHonib sur- 
faees; and cavities ineorporaiing direct 
absorption in a niolten salt Mowing over 
the inner wall of the cavity. Although the 
cavities are likely to proviile lower ther- 
mal tosses, prefer the external design 
tor tive basic reasons, li) Ii has a very 
' wide aeceptance angle and so has lesV ifi^ 
tliicnce on the design of the heliosint 
field, the largest cost item m the entire 
systcru. rhc area of the cavrt> aperfure, 
which radiates as a blackbodv. niusf be 
kept small to retain an> advantage. I he 
yccepfanee cone half angle. is there- 
fore restricted to about 6t) heeause the 
rcquiied radius of the aperture is \H 
ens fn, where R is the radius of the ex- 
Irenic hcani. iw) The cavits nuist he snp= 
ptHted and insulated on il^ exieriur ^ur- 
laee. rhis cxtenoi strue'ture is suhsian- 
tiully m orej nassive than the interior siip= 
piirt stiiu ture of the external recc!ver= 
(iit) Any one of the 24 modular panels of 
the external receiver can be replaced 
.overnight, whereas the ea\it> vsuuld 
htive to be serviced and repaired in situ 
iw) It IS easy to design minimal con- 
straint supports and structures i'nr the 
oVierior irecei%ei panels, s^hereus the 
added ci*mpleMi> of (he ea%ii> boiler de- 
,signs t\jr the s(e.jni sysieni tends tn cnn- 
•jtiain the tubing, leading to eveessivi- 
thermal chesses, w) the lightweight 
conipiincnts ot the esternal receiver cuii 



:H)llition due to eli)ild*i and other adverse 
weather eondijionH = 



The Towf r 



the early Stages ordevelopmeni. Be= 
cause thermarhtorage TiJr cloudy days 
would be used onl^'ocwasionally. the 
cost per cycle would be prohibitive, Al- 
though the, storage system io provide fbr 
overnight operation would be used every 
• . , ;= day, the baseload application is the least 

For a HHI=megavvatt (Cle^ric ) VysIenK competitive first use uf solar energy /Ihe 

market viijiie of baseUiad'electrical pow- 
er is about half that of ldad-'i\illovs ing 
posver, ihatls, ppwer that is generated to 
meet iniermitient high demands, usually 
^during the hours of 10 a.m. to 8 p.m. ! he 
electrical load parallels the solar siijiply 
(with a 2^ to 4=hour delay); therefiue. the 
niost attractive first application is a plant 
designed for load-tollowing vsith storage 
for 4 to 6 hiHirs of operation to provide 
stable operaticm and to better matcH the 
observed Utility load. A gas turbine plant 
.with aJow capital cokt and a relatiwiy 
high f^iel cost can be added to the grid to 
supply the intermediate load posser on 
the rare cloudy days when eleciricaf.de- ^ 
mand is high. J ' i '. 

The amount of thei mail ^^toragc i/ici^f^- . 
hp 

about 6 hourji. This will permit pene- 
tiation Of the iniermediate-io-peak-load 
iililily market which usually occurs ill 
th^i evening. Cupaeily credit will accrue 
to such a plant, and the stoiage will pro^ 
vide a cosi-eirective way of handling so- 
lar insolation difieiences in summer and 
winter. In' the winter, a plant may he iy 
the on-line, standby mode in the morni 
mgs so that the storage can be fully\ 
charged fi»r evening opetation. wheteas' 



our analysis of the most cos{=ei!ective 
collector Held geometry shoyss that the 
reeeiver ryiusi be elevated 2W)''meters 
a field of heliostats with an area of 
M.5 squaie kilometers. To support the 
\considerable weight of the receiver and 
res steel siippori structure as we||>as the 
tliermal transport system, we have cho- 
sen. a tapered cylindricaNshell.. slip-cast 
c on c re t e s t r u c t u re . Inasmuch as this 
structure is designed \o survive probable 
seismic disturbances in fhe West, it is 
sutliciently rigid to i^esirain ss^y o( the 
receiver to less than OJ meter in winds 
occurring while the heliosiais are oper- 
ating. Sites near miijor seismic faults 
should be avoided because of the ac- 
compimying incieast in the costs of the 
tower and heliosiai suppUilH, For rhosl 
of the southwestern Ainiied States we 
have used a ios^lt cost of $8 milliim. 



Siorage 

Oppiments of solar power insist that 
the solar tosu'r concept should provide 
reliable power on cloudy days and also 
meet the nighttime ba.seload require^| 



porated in the current de?M|n'et!()fi is suf- 
fie lent to operate the turb(>generalor IW 



menis. We believe that both of these re- 
quirements are unreasonabU. at least in 



\-\^. 4. !)iurnul pimwr 
curves fiH the field 
shuwn in I fie fn^ei .lU 
ySN-. This field, 
eiUiplc^^tj^^- lilr i^Jum r s 
nf tHtrmnp *silihige, 
w^HJ|lli^Hi^pp|y■ Tii, J(K)- 
piegnwait .ieleMtrie) 
s U* i I ni =f le e geti u ra - 
'u^r. 'Tfii; Ifierrnyd oui- 
pijf^ "Jin^^l^^iius, Is 
tfiat Ml'piisitCii in ific 
Wijrking ffiiiJ and in- 
(tliidcs loss csirnnue^ 
of 9purecni Wn rulluL^ 
ianei', 5 percent tur 
iihsofplivity , ^ pur^ 
LiMit average liM ilusi. 
and 33 niega^vatts for- 
efimhined cnn^cction 
>nid reradhiliitn iil (he 
nperullng lernpeni- ' 
inre of 51^ ihn 
cireeiive niirinr iliiiin- 
eit'r; h ungiilur Man- 
d.ird ilevialhMi uf" ihe 
retlei'ieU ligfa Uiie lu 
lieln.)'»ial inipfif Vt- 
irons, fir wwvwvi 
if liinicler 
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in ihe summer there is sufflwieni daily en- 
ergy 10 run ui gapuciiy ull da^ and siill 
charge iKe storage unit so that the eve- 
ning murkel can alst) be suppMed. 

In an alternate mode of ppi*raiion fos- 
hil fuels would be used when solar enef- 
gy is not livuilabttf, especially m cloudy 
days, Fossirftiels could also be tfsed in 
the evening market, hut some form of 
thermal stoi age is still required to ensure 
plant stability. Sueh a soliKplant with, 
fossil briekup is elassified us^J'uel dis= 
plaeenient plani and may be gi4en little 
capacity credit. However, furthA" depleV 
tion of our petroleum reserves raay make 
such a facility aeceplablc. W/ have ye.l' 
io dfei^elop ait^i^MUaie meihildology for 
estimiAifig capacity credit fur the solar 
com-pbHcni when fossil fuel is usad in re- 
serve. 

A second form of stornge, is jhe use of 

■ suitable Ueep geological formations into 
which high-temperature fluids can be 
pumped. The requirement is a ^irous 
formation where leakage to the outside 

• would be minimal, such as abandoned oil 
wells. Porous rock is a relatively good 
thermal insulator. If we consider a suffi- 
ciently large unit, the fraction;il loss per 
day is small because the siHf ace -to- vol- 
ume ratio becomes small. Calculation 
shows that geothernuil storage for a 100- 
megawatt (electric) tower would require 
aboui^ months to charge and then could 
be EUs^d cyclically each day to provide 
load-^ff^mg capacity iS)^ Bceiuise the 
extraction is regenerative, iryection and 

' withdrawal teitiperatures .could be very 
nearly equal and quite high. If.^however, 
we should encounter difficulty in in- 
jecting or producing fluids at siitflcienlly 
high teniperalines for power production, 
large quantities of process heat at I50^C 
and above are in demand and such geo- 
ihcrmally stored heat can be harnessed 
to service those process needs. 

Another approach to storage, which 
we believe deserves further emphasis, is 
chemical boi?d storage, with molecules 
having f)ond strengths of several electron 
volts,permolecule. An obvious example 
is_^He ^electrolysis of water into hydrogen 
^ind oxygen. Ihis method is under inves- 

rUigation fi)r photovoltaic cells and wind 
energy systems but It is not the leading 
carididatc if a thermal cycle is involved, 
because about 21} of the energy will be 
wasted in the ihermodynamrc cycle un- 
k'ss, perhaps, viable fuel cells are devel- 

' Oped. I he sioragv battery constitutes an- 
oi*her form otV chemical bond storagi 
which is cunently under iniense study as 

.^electric storage for photovoltaic cells. 
Butteries provide more compaciSiorage 

jhan hydrngcn gas aiul are W^ell suili'd ftir 
individual use, such a^ in an electric car. 



Table I. The 1977 cost e^iimaies for a mass- 
produced lOO-megawati (eleciric) solar tower 
plant. . - 

Relative ^ 
cost 



, Subsysiem 

Generator plant 
Energy storage {'6^yars) 
Installed helioHtiiftbsts 
($80 per square meter) 
Receiver, fow^r, and piping 
Spares, land 3nd yard 

Total sy!4tcm=Si7QOt 
15 percent . • 
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, The Germans have under developnieni 
'% closed^cycte, decomposition-recambi- 
nation chemica! reaction in which meth- 
ane and water react to form hydrogen 
and carbon monoxide [the process bears 
the acronym EVA-ADAM {9)i the hy= 
drogen-generaiing reactor is called EVA 
{Einzelsphaltrorvernsuchsanlage), and 
the back reactor is called ADAM as the 
male to EVA], This reaction is to be 
coupled lo^hjgh-temperature, nuclear gas 
reactors to deliver heat at a substantial 
distance. (Calculations indicate that more 
heat can be delivered by this system than 
through a the rmodynamic-to-elec trie 
cycle, and transmission costs are less 
than for electricity. This cycle can possi- 
bly be developed for use with the solar 
tower, but techniques tor banking the 
catalysts (removing the reactanis while 
maintaining the catalyst bed at operating 
temperature) during sunless houi\ must 
be studied. Moreover, the gases in: 
volved require large-volunie storage. 

A most attractive form of chemical 
storage is the simulation of fossil fuels. 
One would like to use solar heat to de- 
compose a liquid coM^pound into several 
other liquids that can he stored or trans- 
ported and recombined at will with the 
liberation of heat, The liquid liquid 
reaction would ofTcv ease of handliny and 
would allow storage of more encrgv in a 
given volume than either a clicrnical 
cycle involving gas reactanis i>r ^.i seri- 
sible heat storage system. The heat gen- 
erated in the reaction can he u-^ed in 
home- heating and cooling arid. If u: is of 
sufficient qualily, in the productfon of 
electricity, if^we consider the reaction 
between a_ninii>nia (NHi), water, .i ml '.iiU 
fur trioxide {H( Vj), 



Nn,nso, ^ (J 
(1) 



considerable lieat is gciicratcti .i ^ I'k ic- 
aclion prijccssi;'^ cxiMhcrMiiLalK ilie 
right without a caialvsl at icnipt t iUncs 
Up to MHTV {Hh Vhv clieini^ iN »K' hq 
uid at near rotun tempcrattiiu ins! pu's- 



sure (N Ha requires lome overpressure 
and SOg requires some heating to avoid 
solidification), The/chemicals are cheap 
and abundant, uiid the density of energy 
sU)j[J»ge Js afeout^OO ki1i)calwies per liter; 
about ;r/7,tha(VA)f gasoline or 10 to 20 
timo's thaVof:^ensible'heat stores, 
s "Recyc^TiB' of the chemicals would re- 
quire thi thermally activated decoiTiposi' 
lion of the ammonium hydrogen sulfate 
(NHiHSOj) into the compounds on the 
left in Eiq. J and then separation. This 
back-reaction and separation have been 
carried out and at temperatures attain^ 
able with the solar tower ilO). Basically, 
there is a temperature for each chemical 
system above which dissociation and ab- 
sorption of energy occurs and below 
which the chemicars recombine with the 
release of energy. Such synthetic fuefs 
can be readily integrated into our tech- 
nological structure, displacing fossil 
fuels and bypassjng th«f inefficient elec- 
trical genfcration cycle in many ciiSQ% 

The development of methods for stor- 
age of sufficient energy to operate 
through several sunless days, or of a vi- 
able backup will probably be sknv in 
coming, but, once such storage systems 
have been deveUiped. solar plants in the ^ 
Southsvest can supply a signifiCLmi 
amount of oiir national energy require- 
ments by clecirica! inmsmission. The 
high-voltage' direci-current net from the ' 
Northwest to the Southwest (16(H) ki- 
lometers) is adequate demonstration that 
power can be economically transmitted 
over long distances. Therefore, it is pos- ■ 
sible to irar^mit posvcr froni laihbock. 
Texas, in the sun-rich Southvsest. \o De- 
troit ( 1600 kilometers). 



Knvironmental Coruerjis 

For economic reasons, utilities liave 
reconimended the use of wet cooline sys- 
tems in the pilot and demon si rat ion 
plants. The dry cooling lower (Pig, 2) is 
somewhat nunc espunsive and operates 
at a loss of a few points in plant cfTicicn- 
cy, hut dry cooling may be rcqinred to 
mininri/e eiivironnienlal impact in the 
desert, a fust-chijice site tor cmplacc' 
men I o f i h e so 1 a r t o vv e i' plants . Av i t h d ry 
cooliiiu towers, solar plants aKe expecied 
to have a mininial eiu ir onnienta! e!Tcct: 
In contiasl to fossihjiii-d pUml'^. the Ui- 
crease in i'lnhal heat Irorn a solar plaiU is 
a ^ccoimI oftler elTct t since the svsiem is 
sinipK tiMivcrting iiii Oiniiig radial^ri to 
iisclul nicw hanical energy hcforu il nhi' 
inaleK depositeil .i-^ Injat bs (he rlccn w 
utilils This figuii- ^^Mnpaivs I'ms. .ihlv 
u ith v eritioria! tossj|-fij etl ' \ stems 
tliat li'. p'' i( ^ to 4 iln u ol tlu'lili li ruwr 
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gy (waste heal) into the biosphere for 
yach useful urwt of energy uiili/ed, In 
ftiei, continu»^U,dcpenUenye on nonsolar 
energy miyht eveniuul}y rgquire the re- 
flectanee \if suniiybj back^iui into space 
Ui preserve the heat halance of the earth. 



rhere are no technical harriers to the 
dt>veh)pn?ent i^f po^er with hgliostais. 
I he Icwhnoliigy is avaijahle and plans are 
• f^ira contract to be ^iriltun v^ilh an engi- 
, ncering Hrni ihisyyuiir to initiate final de- 
sign and constmetion of a first system, 
aithough it .will' he gjipensivc. Cost esti- 
mate'* for the firsi-o^a-kind Irt-niegnsvail' 
(elect Die) pilot plant, scheduled to be 
completed in 1980, are in the range of 
S7,5(K) to S](),(MK) per kilow^itt of 
stalled electrical capacity, including pro- 
visions for thermal storage for fr hours of 
operation beyond sunset (//). No dra- 
matic technical discoveries are neces- 
sary to reduce this protoiypt' cost by a 
factor of 5 to bring it iniii a range com- 
parable to the $1000 per kilowatt (elec- 
tric) currently required for the construe- 
lion and fueling of nuclear plants. 

A significant cost reduction will result 
from the better collector and turbine efTi- 
ciency associated with an increase in 
piaril si/e to IW) or 300 megawatts (elec- 
tric). In addition, specific mass-produc- 
tion approaches have been identified 
which arc likely to lead to the reqiilred 
^ cost - reduction for an integrated large- 
§scule, dediealed heliostat production 
fiicility. One such production fjicility 
would ^produce heliostats fi)r ten 100- 
megawatt (electric) plants each year. If a 
fiicilily si/gd to produce only one plant 
per .year were built in 1985, a second in 
1988, and an additional fulNsi/e produc- 
tion f[icility were built each year from 
1990 to 2m), about 40 gigawatls (elec^ 
trie) i>f installed capacity could be on- 
line by the year 2(KK). This capacity is 
enough to meet the anticipated require- 
ment (or new intermediate electrical load 
fiir the eritire Southwest and woUId re- 
quire a land area of about |4(K) square kir 
lomeiers (550 square miles). Devel- 
opmen^of economic storage could ex- 
pand this market manyfi>ld. 

Assuming at least 785 megawatts of 
capiicity is constructed each year in an 
integrated and dediealed plant with a 30- 
year litv. the midpoint cost of installed 
heliosials in 1975 dollars is %bh per 
square meter. Llnder the same assump- 
tions, 'the total capital cost iif a plant is 
given, in 1977 dollars, in fable I. Ihe 
Si7(K) per kilowatt feleclric) includes ft 
htnirs of ihermai storage {}2). 
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Fiy.'5. Paij^cted haliusiai costs U W dollars)! 
Miiss-prgduciion learning would lower Ihc av 
«ruge cosi of $269 per square mettr expoeted 
fur the pilot plant helio?itat to below $7P per 
square meter for Gommereial applieation after 
about i million units hiid been produced. This 
figurfc- reflects projeeted co^t reductions for a 
single facility resulting from integration uf 
steel fabrication fucilitle^i. mirrpr and glass 
fabrication facilities, and experience-dictaied 
improvements in plant operaiion.- heliostat 
operation, and other factors. On the log-log 
scale, the upper line refers to the average val- 
ue for all prt>duction to dale, whereas the low- 
er curve gives the cost projected for a single 
unit, which approaches SSO per square meter 
by the end of, the productiofwiur) of 25 to 30 
years. (To convert to 1977 dollars multiply by 



Once production of lOO-megawalt 
(electric) units begins, costs would begin 
to drop as a result of learning curve ef- 
fects. As an example, production of the 
first 10,000 Model T Fords resulted in an 
average ^ost. in constant 1958 dollars, of 
'about $40(K) for the cars produced in 
1909. Continued cost improvement oc- 
curred in the munufacture of essentially 
the same car until 1927, at w-hich time 14 
million units had been prpduced. The 
cost for the last units of the production 
run was about $850 per unit (/jj, On the 
basis of this type of cosi-reduction pro- 
gram, a reduction of 10 to 15 percent in 
the unit cost, should be possible each 
time the total number of units produced 
is doubled until the bulk material costs 
predominate, and even then design re- 
finements and new materials can further 
reduce costs. In Fig^^ we show the an- 
ticipated learning curve for heliostats, 
where the upper curve represetils the av- 
erage cumulative cost for the entire pro- 
ducijon run and the losver curve is the 
unit production cost. Here $269 per 
square meter is the cost of the pilot plant 
and $66 per square meter is the average 
ct^st of heliostats produced by the plant 
after constructfon of approximately 20 
gigawatts of capacity ( 1^75 doHars). 

Such a cost improvement permits us to 
put capital costs into perspeclive. A M)- 
megawait (electric) pilot plarit is esti- 
mated at SIOJMX) per kilosvatt (electric) 
or less, svhcreas a first demonstration 
plant may cost %2M){) per kilowatt (e|ec- 
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trie). To produce units selling ^in the 
range or$i700 per kilowatt {electric) re= 
quires that average heliostut costs, in 
1977 dollars, be reduced to about $80 per 
square, meier*^ which may require pro= 
duction of 5 million heliosiais. In such a 
' production run, the second million he- 
liosials would already meet the cost re- 
quire nients, l^iving an average produc- 
tion cost of about $78 per square meter, 
whereas hhe first^nillion would have an 
average cost of about $I0() per square 
meter. Thus, the excess cost of the first " 
million heliostats"^ each about 40 square 
meters in area arid having an excess cost 
of S20 per square meter, is about SHOO 
million > Compared to the expected cost 
of oil imports ftir 1977 of S40 billiorl. this 
is truly a .small ditlerentiaK which in- 
cidentally, will be paid back by gyen' 
lower heliostai costs for the last l million 
heliostats produced in our hypothetical 
run of 5 million. 

Since the cost of the heliostats is ap- 
proximately half of the total cost of the 
commercial plant, less than S2 billion in- 
vestment (subsidy) is required to stimu- 
late a new technology that will integrate 
"into the present utility structure. This 
amount should be compared to nuclear 
energy investments, recent space ven- 
tures, annual deficit of payments, 1976 
oil import costs of $35^biIIion, and future 
escalation of oil costs. 

There is sufflcient unused desert land 
available in the United States to meet all 
of our energy, needs by mean^ of solar 
tower plants L an option wn Mkcly to be 
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towers would have m efflciency factor 
for land usage which would compare fa- 
vorably with that of any renewable sys- 
tem presentiy under consideralion. At^a 
cost of $2CK)0 per acre ($49(K) per hec- 
tare4. th:e land cost (or n 1 00- megawatt 
(electric) plant is only $17 per kilowatt 
(electric). 

Another indirect economic criterion is 
the energy amplification factor (EAF), 
defined as the useful energy produced 
over the useful life of a device divided by 
the capital energy required to create the 
-device. Table 2 records an estimate of 
the energy required to produce materi- 
als, including transportation energy in 
manunicture and delivery, fiir the ther- 
mal component of a solar tower con- 
centrator. Because this energy may have 
to be processed through a thermodynam- 
ic cycle with an cfticicncy of about 1/3, 
the collection time translates to less thag 
1 year. With the addition of the energy 
costs fiir fabrication, consti action, add 
miscellaneous expenses, we expect the 
fnui^ required energy figure to he equiva- 
lent to less than L5 years, gj^ ing an l{ Al^ 
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Tabte 2. Material and irarisportation ioergy requirimf nis for a lOO-mi^awatt (eU^tric) com- 
merci^ solar lOw^r lystem (fabricatioii and construe lion energy not included), , 



Part 



MatiriiU 

(/I, iS) 



Sietl 

Glass 

Concrete 

Sand 

Fo!yuf€thane 
Motors (eopper) 
Incoloyt'SoOand 
structural iteet 
Steel 



Cop^tf te 
^ Steel 



inmS helioNtats^ 

• (each 30.4 
square meters) 
» 

Receiver 

downyomer 
Tower 

Estimated Irans' 
port atioo costs C/5) 

. Total 



of approxim*|tely 20 for a useful life of 30 
years. This escimate can be compared to 
estimates for nuclear plants described in 
ERDA 76-1, where the EAF of a nuclear 
plant is estimated as Incidentafty, 
the duty factor of the nuclear plant is tak- 
en realistically as 0,61, only SO^^ent 
above the 0,41 expected for the solar 
plant with 6 hours of storage discussed 
here. . . 

There still remains the energy cost of 
disposing of radioactive wastes and of 
shutting down a reactor after its usaful 
life and safely disposing of the radio- 
active debriSf whereas the steel used in 
heliostats can be reprocessed. The EAF 
factor clearly^ indicates a constraint 
, which must be CDrisidered when decrding 
to build either nuclear or solar piants if 
the total fossil fuel requirements of the 
country are to be reduced over the next 
25 yeata^ather than expanded. The 
question of Ipng-term economics re* 
quires the consideration not only of pres- 
ent dollars and capita^ development but 
also of long-term commitments to ensure 
both the availability of reliable souths 
of energy and'the preservation of the en^ 
vironmenl. 

The quantity of materials required in 
the sojar tower design helps us to under- 
stand the ecpnomies of solar energy 
(Table 2). The heliostat cost of $66 per 
square meter appears reasonable if the 
coit of conslruction approximatei $1 per 
pound or $2.25 per kilogfarh (for metal 
and glass). This represents an achievable 
goal, particularly if we realize that one 
can buy domestic pickup trucks in this 
country that sell for a link less than $1 
per pound, and that a iruck is a far more 
complex unit than a heliostat. 

The cost of intermediate (load-follow- 
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^ ypfving private enterprise and the federal 
^govirnment to develop a process for the 

-^national use of solar energy during the 
next hundred years. A national com- 
mitment would reduce the inveitment 
risk involved in buiidlng the flrst solar 
tower facilities. The greatest potential 
exists for adopting new technology in the 
utilities, but U.S. regulations essentially 
forbid the utilities to Ihvesi in new iech= 
nology until it is proven over a period of 
time. Development of solar energy can 
i^eduee U.S. oil imports as well as help 
undeveloped countries that have no ex- 
ports to offset the need for oil importSi A 
stable energyfuture demands that we ex- 
amine ail the energy options available. 



Ing) power produced with the tower con- 
cept is estimated in the range of SO mils 
f^r kilowatt-hour, based on a capital 
cost of $I7M) par kilowatt (electric) and 
operating costs. We bellevi this cost is 
competitive. A charge of 30 percent was 
used for development ofcapital (the con- 
struction period is assumed to be 3 
years), and the construction costs were 
amortized by means of a linearized fixed 
fee of 16 percent ^r.year. Learning 
curve experience will lead to still lower 
capital costs for later production^ The es- 
calation of fuel costs will have no first- 
order effect upon constructed solar 
plants. »^ 



Conclusloiii 

The estimated capital cost per kilowatt^ 
hour of $1700 for solar tower plants is 
competitive wiih-other means of eneiiy^ 
production, such as hot-water nuclear 
reactors, including the complete fuel 
cycle. With 6 hours of thermal storage, 
the capacity factor is better than 0.41 
compared to realistic capacity factors of 
0.61 for nuclear reactors. Production 
costs seem reasonabfe, and there are no 
critical shortages of materials. Although 
there will obviously be improvements in 
design and management which will scale 
down costSi no radical technical discov- 
eries m needed to conitruct and operate 
a solar energy plant. Once heliostats are 
in mass'production, solar plant coostmc- 
tion periods of only a few years are antic- 
ipated. The period for the construction 
of the pilot plant including final design is 
estimated at less than 3 years. 

Most eountries are in need of a long- 
range economic and political plan in- 
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By David Miorris 



Solar cells fi 
in everyday 



eon JLa 





// their fiost continues to drop, we can 
one day hme these space-age energy 
producers sprouting from our rooftops 




The next time you buy a mtculEtor» a wristwatch or 
even a naw home, ita electrical powjr source may be 
almost magi^l splar cells. These light-aaniforming 
^mten 6i silicon generate electricity iilently, uiing 
nothing more than sunlight for fueL They are begin- 
ning to supply electricity for commercial and agricul- 
tural uses in remote areas far from power lines. Al- 
though still in their infancy, it is increasingly likely 
that solar cells will become the centerpiece of our solar 
^ electric program and part of the answer to the eneigy 
crisis. Pioneers in this. highly sophisticated field hope, 
to provide Jow-cost electrical energy from rooftop solar 
panels by the mid- 1 980s, a development with profound 
implications regarding the utility industry and the 
nature of our neighborhoods and households. 

Although the basic patents for solar cells were estab- 
lished in the early Forties, the fint breakthrough in 
their manufacture came at Bell Laboratories in I9j54. 
Beirs applications of one-meter solar arrays as voltiige 
amplifiers was a pioneering step. The cells becarne 
more familiar in the 1960i, providing electrical power 
to spacecraft. Those used in the space program were 
very expensive^ but cost was not the primary concern, . 
With no other market, manufacturers had no incentive 
to lower the cost 

A few systems were established on Eartht using cells 
thafhad not met the requirements of the space pro- 
gram, but few cells desigtied for terrestrial 4ise were 
produced until 1973. 





Water spurts Itlto an irrigation pond in a Nebraska 
cornfield, left. The pump is powered by the rows 
of solar cells at the right of the picture. Above, 
a technician checks batteries used for back-up power. 
This row of batteries will store about six hours 
of electricity; the pump does not run continuously, 



^S&lar cells c&me down to Emh 




Solar cells should not be confuied with the solar 
mllectm imd to heit water and building and, by 
producing steam, to generate electridty. Collectors 
convert sunHght iiito heat; solar cells convert it direct- 
ly in w ^ el^ncity^,;^ Sunlight stnkinji the ^cells frees 
electrons, forn^ipg^ ^ 
; In space ihe sim is always shining, so there is no 
:^plfobleto with sioriftg eleciridty^i,^ Earth, however, 
- the sun shines only half the timr in gcbd weather and 
not at all in bad, so electricity ^^tBe;$6Qr^ for sun- 
1^ periods* (Vinnd'powered electric^iy^taihs Have the 
same problemr electricity must be stored ^Idr times 
when there is no wind.) CiirrehapJ^is is done with 
lead-add storage batteries, di^kr tl> thc^e used in 
automobiles. A day's electridt^^l^ii^ average single- 
family house can be stored in ^^iaptt^ occupying the 
s^cejpf,a cl^t; a row of su^ "ddsets" in the base- 
ment 'store^power for sunless periods^ ; j * . 

If, as isfce expect, solir ceils cAp^^^ be used in 
neighborhood^siie rather *tji^n ^sinp^buse systems, 
then storage, too/ w^^td ^^ei cintmE^^ T^^ thousand 
homes would requi%kb6ut as mucby^ge, space as a 
milUompiion mM^n^^^ a not l^^iil^^ sigh^^in 
many commu^ui^l; R ■"■ "\ ^S^^fi}:;^^^^:^^^ ^ 

Fresent battm^resj|^^^ the 
sulfuric add in th^na) pf^^l^^^t^^^^ takes about 
$40 worth of bat^^^ti^Ijtd st^ ^ 




-^OTte^iloWitt'hour. So 



along with the rq^Kqh^ Is 

being devoted to>b|ftiw^dj:t^ 
' otho^Vthan lead4irfd."j2v---;<^^^ OV^^'\"^"}^" '.r^' -' 

k Back-up systems cito .W 
jblar celb can be left^?i^n^£fel^^^ 
^uring sunless peric^s^t^ .ftej^^^ 

Th^authaf.todifeciQf 6f i^wl(niiitiite^^^ i V 

S^lf Reliance in Washingt«^,is^^^ * i 

f&r^hr Age. He coauthoreajtA^tj^b^^ I 



Viewed partly jh a truck mirror, an an'ay of 
solar cells provides electric power for'a mobile 



over to the conventional source, ^hia way, the house 
can feed any surplus it produce back into the grid 
system as well; this is alt^ady happening with some 
wind systems.) And di^l generators mn be used, juit 
as they are now in h^pitals and homes when &it 
power fails in a stotm or blackout. 

Large central s)^tetns ^nemting electridtj^.w^th 
solar cells or windmills can store power in otj^ ii^ys. 
One is to pump water up to a r^ervoir during periods 
t»f lov^ demand, then let it run downhiU though tur- 
bine generator when demand is high. Another is to 
extract hydr^^n from water by electrolysis during 
low demand, then run ff^ turbine with the hydr^en ! 
during peak demand. Still another way is to use bui- .C 
plus power to spin hu^ flywheels, storing the enei^^ 
as momentum. 

Confident that storage problems will be solv€d,man- 
ufacturers are concentrating on making better and 
cheaper cells. The c<lls are extremely thin (12 thou- 
sandths of an inch). At present all commeitjal cells are 
made of silicon, the Mond most abundant element in 
the Earth's qrusi. But they am be made from other ma- 
terials; two cgmpani^ are about to produce cells made 
of cadmium sulfide. The largest celb made today are 
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Anpy talephona syscem. The Annyjs axploring 
other possibilities at Fort Belvoir, Virginia. 



four inches In diameter. They are wired toge^tr in 
panels of dozens or hundraA. 

The output of solar^Us Is often given in ''peak 
_ wa^ tts/' tliriHaEiai&iK^rf^ produced in lull sunlight 
ItTS degrees* A four-inch cell can provide Slightly 
more xhan one peak watt at noon on a sunny day in an 
area such as Phoenix. Higher temperatures decrease 
the efficiency of silicon cells. 

For many readers^ a more relevant term may be '*av- 
erage wattage." The peak watt is what we 'get In ideal 
condiUons; the average watt is what we |^t at any time, 
assuming adequate power stora^. Over a year, we may 
average four to six houn of sunlight a day. Thus the 
ratio of £mk to average is about five to one, a little less 
in Arizona, a little more in Minnesota. 

The avetage stngle-famlly residence (a four-person, 
1,500-squar^foot, non<air-condltloned house) uses 
about 700 kilowatt hours a month, the equivalent of 
a pne^kilowatt generator running continuously. Be- 
cause this average house needs one kilowatt of average 
power, it r^uires five kilowatts of peak power. This, 
in turn, would require about 500 square feet of solar 
cells at present efficiency levels under optimum condi- 
tions. The Energy Research and Development Admin- 

|N*B9« 0-79-4 



istmtion (ERbA) sayi 1,500 square feet would now be 
required in a northern area such as Boston. 

In the last four years the price has dropped from 
$500 to $1S.50 per peak watt. The cells are already cost* 
effective in remote areas, places where expensive 
heavy^uty batteries would otherwise have to be main^ 
tainc^ and discarded regularly. Olbhore oil platforms, 
buoys and remote weather and forestry stations are 
places where solar cells are now routinely used. - 

Most observers agree that the price will have to drop 
to a dollar or 50 cents per peak watt before solar cells 
^ on rooftops will be cpmpedUve with conventional cen- 
tjral power plants. 

/ ^le very recent entry into the marketplace by solar 
(Cells has produced a considerable gap In public under- 
standing. Indeed, since 1 974 the industry has advanced 
^so rapidly that ERDA is reevaltiating its proi^ms. 
/ Hrtry Mamn, director of the Solar Ene^ Division, 
/ has assumed management of the solar cell or ''photo- 
7 voltaic" program. "The program was not keeping up 
/ with the technology," Marvin says. "ERDA was no 
longer pushing industry. It was no longer in f^ont*" 

The price of purity / 

The very high cost of ul|rapure semiconductor, sili- 
con has been a barrier to lowering the cost c4?^61aj 
cells. Metalluigical'P'ade silicon has a purity ifi'^i^A 
as 99.5 percent, and it costs 10 to 20 cents per pound, 
roughly the same cost as steel. The semiconductor- 
grade silicon, used in solar cells, however, has a purity 
of 99.99999 percent ^nd cosu $10 to $20 a pound. 
Microminiaturized circuitry demands this kind of 
purity, but it adds a great cost burden to solar cell 
manufacturers. Of the present $13.50 per peak watt, 
approximately $3.50 is for high-grade silicon. 

Over the last three yeai^, ERDA has chosen to con- 
centrate on lowering the cost of the single-crystal 
pr^ess, in which each cell is sliced from a large, very 
pure, man-made silicon crystal. ERDA formerly be- 
lieved that polycrystallifie^ilicon, a cheaper, multiple- 
crystal form with lower purity levels, would have very 
Ipw efficiencies. (Efficiency here means the percentage 
of pnergy in sunlight striking the cell that is converted 
into electricity. Present efficiency of single<rystal cells 
is 10 to 14 percent.) 

Although many Industry experU as recently as 197S 
concluded that polycrystalline solar cells ^th a 10 per- 
cent efficiency could not be developed tmtil at least 
1983, two companiei developed such cellsjdndepend- 
entlyin 1976. . 

Technology is changing faster tftah almost anyone 
realizes. In 1975, experts main taii^ed that so much en- 
ergy was required to make solar calls, they would not 
generate enough energy to p^y ^fitcti the initial ex- 



Solar cells come down to Earth 






This Ramote Au|pmatic Mateorolo^cal Obsarvaiibn 
Station Is powered by solar panel near the bottom. 



Panel at left sendi a weaK current through the steely 
reinforcement in*^ these bribes, preventing conrosionV 



penditure within their 20-year lifetime. Yet a 1977 re- 
port done for the federal government on an actual 
production process not only found that the payback 
period was between four and six Wears, but went on to 
advocate the establishment of a s^kf breeder. A com- 
pany could produce cells* put them on the roof* and 
use the electricity to make more cells. With slight re- 
finements, many believe the payback period can be 
less than two years. 

These rapid technological developments have the 
industry straining to transform technical develop- 
ments into production'line processes. As one obseryer 
asked, "What good is a polycrystalline cell if it is not 
mass-produced and marketed?" Limited markets are 
delaying this step. A rapidly expanding market would 
permit manufacturers to invest the capital to automate 
their machinery and reduce prices. 

It is unlikely that the market will open up very rap 
idly by itself. There are already thousands of locations 
where solar cells can be used economically* but the 
newness of the industry means every potential cus- 
tomer has to be educated anew. 

Another marketing problem is the ranote locations 
of existing M|ar cell arrays. They grace the Arctic, 
Antarctic .mountain peaks, and north African deserts. 
No one sees them. One manufacturer lamentSi "The 
first national exposure for solar cells occurred when 
we installed some on a toilet facility in Yellowstone 
National Park." 

Even in areas where solar cells are currently econom- 
ical, their high initial cost makes local agencies hesi- 
tate. Few are experienced at considering costs over the 



Ufetinie of a s^tm, a method of evaluation in which 
iolar ecus am bt competitiye* Many pr6cimmoit o& 
c^B appear to prefer to Wait for a lower purchase price* 
\\lth the need to stimulate the nyariiet in mindi 
ERDA be^n direct purchasing of solar Cells in 1975. 
It will purchase solar arrays capable of prbdudng 160 
to 200 kilowatiu in 1977 and pla^ to buy more in fi|^l 

1978. Dick V^nprner of Opti^l Coating l^^m- 
tones. Inc., sums up the general filing of manU&c- 
turers by saying, "It is gMd to see ERDA involved in 
direct buying, but thii kind of nationAl program will 
not bring the price down. Production levels need to be 
significantly higher befort prices will fall significantly^^ 

For many, ih^ Department of Defenie is the lo^oil 
agency to make major purchases. A recent study iden- 
tiAed military potential applications for solar cells 
many timi^ greater than current annual production. 
Bui^Che Defense Department has yet to be convinced 
that solar cells are superior to traditional diesel gen- 
erators and battery systems. _ 

In J976 the £RDA photovoltaic bu^et (about $59A 
million) was many times the total sales of teirestrial 
solar cells (about $7 million lait year). The agency 
bought 20 percent of the industry's output, spending 
' the rest of the money for research and development. 

According to Ur. Marvin, ERDA will purchase $10 
million of photoTOltaic equipment in 1978 and spend 
another $30 million on research, development and 
overhead costs. 

Raising the money " 

Congressional supporters have introduced legislation 
to increase substantially the level of federal pur-^ 
ch^^es. The House approved a bill calling for a $39 
million^ three^year procurement program beginning in 

1979. The Senate is discussing a $98 million purchase 
pver the same time period. 

Until now, howeveTi the companies producing ter- 
restrial solar cells have been relatively small. Big busi- 
ness has been reluctant to enter the solar cell market 
aggressively. Mobil, Exxon, Shell Hughes Aircraft 
and a Frencl* petroleum com^ny do own solar- call 
manufactOrir^or research companieSi but to date few 
have been willing to invest the money needed to de- 
velop iM market. 

One of the most intriguing aspects of lolir-cell 
development is their potential for decentralization. 
The cells operate most efficiently where the electricity 
is used. The farther they are from the coniumer. the 
cheaper iliey must be to be competitive. While rooftop 
solar cells can be competitive with coal or nuclear 
power plants when the cell tost drops to 50 cents to $1 
per peak watt, central solar plants would require a 
price drop to 20 cents. 




In a remote T^sias AgcM farm fieldf solar^ cUU 
power a trap used ^o sample insect populations. ^ 

Except for multistory buildinp, the average rooftop 
has enough space to provide afl the power needs of the 
building "with enough left over, say, to chaige an elec- 
tric car," noted Jerold Noel of l^co Laboratories in 
1974, Joseph Loferski of Brown University estimates 
that in Rhode Island 20 percent of the rooftop space 
could generate enough electricity to supply all of that 
state's needs. 

ERDA predicts that a household system will cost 
$5,000 to $6,000 in 1985. It will supply all energy re- 
quirements except for a portion of the space heating. 
Is this the wave of the future? No one knows, but de^ 
centralization is a factor in the discussions. 

Dr. Joseph Lindmayeri Solarex Corporation, told 
Congress: "The many letters we have received at Solar- 
ex and the many audiences we've addressed have con- 
vinced us that a major motivation for the growing 
popular support of solar energy is the fact that it can 
be controUed by individual^ and local communities." 

The utilities are studying solar-cell systi^ife^in thrtee 
actual operations through their rese^^^AsQ£iationi 
the Electric Power Research Jnstitute. ^r* Edward 
DeMeo of EPRI concedes the possibility of houieJiold 
systems, but believes centralized systems will proVe 
more reliable. "I have some serious problems with in- 
dividual rooftop arrays. One of the principal problems 
is maintenance. I clon*t think the individCial will want 
to accept responsibility for' his apparatus. We just 
don't operate like that, A pDssible scenario may be for 
the utility cprtpany or other organization to buy and 
install these on roofs and take care of maintenance. 
Once that step is taken it makes sense to try to aggre^ 
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Solartelts^^ downUiEdrth 



/ gate.tli^ apparatus at some laveli possibly one mega- 
Wiitp (200 households) in a central location puryy for 
inaintenance reasons and ease of iristallrfcion.'' 

The Officfc pf Technglogy Assessmerit r^dently con- 
sidered the aecenuraliMtion issuei "Ifc^JiNS^e^ energy 
equipment can be installed on a Iarge;fcale it prices 
thatjare competitive with utility rates, a^SO^year trend 
toward central power prodyct^n would be reversed, 
. . . It would also J tKalte the premise on which 
exisling regulatdr^lg? ^is founded: that because of 
ecormmies of scalei uiiH^y, cc&npanibs are *ria|ural mo- 
nopoHes' and competition' Aould be replacSi by regu#^j 
lation to protect the public interest." 

When the price of solar cells falls below eighi^olkrs 
or 'five dollar^ per peak watt, they will become mor6 
widely used. The Agency for Int^nationrl Develop? 
ment and the World Bank have seriously e? plored the 
feasibility of using solar cells in those viilag !s in devel- 
oping countries where iio electric grid system existi 
Solar cells may become competitive for th^se applica- 
tions within a >%Qr, Thus the solar indMiiry will b 
building up experience in self<suflB)^ient viUige system: 
in developing nations, before the price droptto where 
they are applicable in our own villages. 

As ih^£[ce drops still further, solar cells will be- 
come attractive far widespread use in industrialized 
cguntri^. At SO cents per peik watt the cost of elec- 
tricity would be six to eight cents per kilowatt hour, 
comparable to costs in many cities how. 

As noted above, however, centml systems would 
require a cosi of only 20 cents a pmk watt. Whether 
this level can be reach^ is a point of considerable dis- 
agreement in the industry. Such a cost would translate 
into two dollars a square foot. No one is saying this 
isn't pmsiblei but m^t agree that there must be some 
lower limit to solar cell cost, and (lint decentralized 
applicaiions will cotne first. ' 




A panel of new solar cells is t&ted in a "black 
room" by being exposed to a simulated jun. 



^ Some answers about solar celh may come from the 
compiMnity college project ribw .■under way in Blythe^ 
^l^^rt^r Arkansas. For the first tim^ERDA has awarded 
a ^j^tract directly to a user, whi^nn turn has put to- 
gether a technical team and is asking for bids from 
, . jnanufacturers. Integrated heat and 'photovoltai^^i^s- 
^v* ti^ms are being used. The Mississippi County £om- 
-■^ riiunity ColI|p^ill be designed to have a 250-kil3Watt 
array that wiJl^ifse conce^'ntrating collectors. Light c^- 
lectors will focus the sunlight onto the solar cell^ get* 
ting more electricity from a given area of cell Because 
the concemrator itself is less costly than the solar cell, 
the cost for the electricity should drop, perhaps to as 
low as,$4.50 to $6 per peak watt. The system, wjill also 
test a new type of battery, ex^qted^o be chefp^ and 
more efficient. ^ . * -v. 

The future of solar electricity looks bright, Consi3-"'>' 
ering that the first solar cells for use oil Earth came off 
the production line in lata 1973, the pace of develop- 
ment is extraordinary. Whether the market can in- 
crease rapidly enough to meet the price goals set forth - 
in ERDAVnatioMl plan is the most pressing question. 
Yet each year, as me price continues to drop and the h 
cost of conventional power continues to rise, these tiny 
cfevices demand more attenUdn in all of our future 
energy planning. 



In another Army test, these solar cells produce 11 
kilowatts to power a water purification system. 
Other tests involve radio and radar power supplies. 




BY^AUVtiv CHEREMIflN'OFF 

ENERG 



GELO C. MORRESI 





Use that tree 



ADVOCATIiS OV ALTI-RNATn energy sourucs luive hDg\i)i to cxuin' 
iiie the wuoij^proccssing .industry as an energy reservoir, Wuud at one 
time was the priniary fuel 6f tl^e country; but becaflse ot its lelatively' 
' low heating value as conniared-tb coal and oil if drupned rioni u^e. 
7 However-Arising gas, oi!, ebal; and disposal prices have resilfled iii re- 
ri e w e tl i n t e r e H t i 1 1 vv ho d a s |i f'u e L . ' . . \^ - ^ 

■ l^ach year, twnendous quantities of timber .areMiarvek?etl a<ross»,the 
country to be processed into lumber, plywood, or pulp, rhusa wood- 
operatjons ^zcnerate large volumes of wood arid barfc: Ml'sitfues. and 
Hume utilisation Of" these residues luis- bei^n acconiplishtfcl /throujflu 
^reprocessing inti) /pulp. . pulp products, composition board; anin^onTN 
tinres fuel/ Wastes'Troni tH^ logging operations' MicmseJvcs, however, are 
almusl entirely neglected except^'gi nlisposat cOiicernk, ^riiNe^T #ves '. 
the aihount of unused forest residue annually available in the U.S. 

Wood wasfcs generated during the. processing of lo^ into products 
CLUi amount to. 13 dry tdns (weight after, Hiorough drying^ per 1,000 
leet'of lumb.er'curund 0.5 dry ton per l,0Oi).Jeet of 3,Hsnch plywinnl 
prodiifed. In mills in the Faufic Nortlwest. nearly 23 nullion dr\ tons 
of tb^sC .materials are prcuiuced annually ^ with 7 million dry tons iioi'ni? 
unusCiL ' \ . . 

Other wood residues (Iku nre poti^l ially \i^ilahle iiichuler( h fire- 
.damaged ^md inscct= or discase-riddeif trees ^^urbiin ^areaH, ( drift- 
■woodv.M"3) construclion wood wastes, and ( 4 )h Ihc woO'd pui i jun M)f 
■ municii)al solid wastes, ^ ^ 
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i^NMri^OlkU, thli C«fi4tft«ii luMeriiillt 
^^lil* ilHIittkiitlni to air , 



^ con&iyi ta be avdhUa thiou^ 

out ti^ .^ntjuyi 'Hiey have been 
ii^Hied to iome extent tie eJ^ 



wood ^d Visk feUdue$.hav§^^ 
widespiead u^p in a videQr of ^P0^ 
eatlpns. fli^ damand for i^oduets 
whi^ can utUtie wood redduei ^ a 
raw Wt^^ is (^ntinuoudy 0isftg. 
Depen^&tg ^ the leddue sl^ ^^qp|d 
jthey^^ be mad in the imriii^ 
jjywppdj lum^r, piper and 
pulpj tnd building bonds. 
"*^B^^&tffflid" foffoff St "wodd trt-the^ -* ^ 

win ipcreise from about twelvi ' 
biUian chib|€^,f^tdn 19^^ 
twenty VMm ^ubic feet in 2000. Mth 
ioerewd houdng« requirin^nts;^ the ^ 
domestic damAd for lumber U ex- 



plywMd and building board >i3ip to 
more thw double and ;^^^le/' rasper 
tif^^by 2000, Th% more'^^ wood 



peited to snQ^^^ramaiieally" thr^^ 
^SO^^ter demind InQreaie 

will bif jass^frUflcan^ j^mfstic pro^ 
dudtion oMumher ft 19 JO was 34,7 
^Uon bo|rd fe^ (a board fwt is a 
miit of lUifiber measuring 12x12x1 
in^s), llie^ a^lerat^d construction 
pao^ and o^tbiued rise in the manu^ 
^faetUfe- of w^ pr^ucti will mum 
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is uiedj itm mori wood ^^tts are 
pnerated, " ^| ^ 

Mp^eant portion of increasid 
^mp^aition board demand is ex^ctM 
'to b®bati$fliffN through thi use of 
wood re^du^ |r raw materia* Wood 
W^Mi^re iJi© expeqted-tq htlp Mtisfy 
a iA fold incriase in paper, cardboard, 
and pulp products; 72 milUon dry tons 
of softwood dup^^r^^^d by ^e 
paper and pulp industry^^the IJ;S« in 
JISTO. At the prpsent^ t^ 
try^ uses wood wmtu forwout 30 per^ 
cent of its raw material!. Wood* wistes 
supplifd about 76 perwnt pf the 
ftdflc .Coast p^p induitry's raw mati" 
rial'tMtomints, - ' 

- • • ■ 

AvailabiUty of Wastes * ^ 

Thus, wood %3du6s are availabla and 



^Sted to haW'^ttoifetfld 1ft m 
ftttuit. However, -ihtik ,u^atfM b 

iiidutt^*r|^i^ty t& the wi^ leser^ 
:^i0 paper and pulp industiy of 
tht Norttiw^' wi readfly use ; the 

q^ntiltes of in^||f |Uid' lo0nf 
midues are pnerated" in this ie^on. 
dther lo^tions aeio^ the UJ, wM^ 
house pap^r and pulp and composition 
board companies dq» riot , have these 
wood residues as r^^eap and readily 
available raw. maiirU. For these plan^ 
to udiza woq^ wastes^ product man- 
ufacturir^, the additional it^dUiig and 
tiinsportation costs mtkt be cdnsid' 
ered. . ^ - 



Althou^ these wood md bark reM-^ 
dues ^ and do have widespr^d usage 
'hi a vaiiety of appUcationii the ul^- 
...jnate detemdnlng factor in their unp 
is cmtL The ecdnomi^ may i^ove to 
be' unfeasible for a relatively smaU rnffl* 
ing ptent to reuse or have its wood 
waites reused. 'Furthermore^ the l&p 
plants which pnerate hup volumes of 
wood residues may not ^ve an ouUet 
« for these wastes. When the utUlsation 
of wood and bark readui becomes un- 
ecbnomicd, a dispos^ problem is 
seated. Hie use of these materids as a ^ 
fuel may prove to be' a viable altema^ 
"live. ^ 

The seytn^i^illion d^^ tons of wood 
and %ari^ wastes pifierated on the 
rtdflr Cbast eoidd repltce convention^ 
d fuels at milling facilities for their 
processing and operation^ heat ^- 
quirements. Table 2 ^ves some char- 
acteristics and the heatinf values of 
^plcil wqpd wsiduei. Fig^^^ 1 Mjpw^ 
tiie^ moisture content of some western 
woods md barks in pounds per cubic 
^foot. 

Clearly^ wood reiidues' vary in size 
^d qoniposition* Sizes of; wood risi= 
dues range from duit particles pner- 
ated . by\ ^difig to large chips and 
ilabsV The moisture content of the 
Sander dust is relatively small as op- 
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. ^- •^^^^^^^..'."^^"'■t^J^'^ III——. , — 

portion irf br i»rit 
In » ledMwd ^ifticlei litis.. 
MvM to tl» b^d &il inqr- abp 

^|loiiiutte . or .inaay ^pet of woM 



Wood Waste f^£uel 

- HogiBd fuel^ ptrtituiarly to northt 
wfitem re^pn iof tht U^S., is usu^ 

^ sold is bulk^i^umes, or umi 
of ^Qod red due^ !^ aiAount conr 
tikcB ft & volume of 200 oubie ftet). 
A unit of ho^d fuil emta^ rou^ify 
ft ton (dry) of WMd materials This dry 
, w^i^t gm vigrfrom 2^600 pounds Tor 
hofgid Doug^ fir ^ bark to 1^00 
.pounds for sawdust to 1,200 pounds 
for Douglas ftr shavinp^ 

The potential for%ood residue fuel 
is ^eady < recopi^ed' In the Pgdflc' 
Nordiwist, Estiniafef pt wSod residues 
from Oit|6n> sawmiDs and plywood 
c^raticuis mt vfm med for fittMft 
1967 amouiwid to four' mfljion 4fy 
tmis, or aboBt 27 p^rant of the ioiri 
qp^dues lenmted^ trie heat omtei^t of 
those reiddues used for fuel was 
7px l6*J BtUi'whiqh;j|pi equi^ 
, ttie heat fA^ the total sal^ of the ^ 

IJfeijhicpti J&h«aL.G4 JC^topai^^ 
1967, IVastem Ofegon and parts of ' 
Washington supf^^ naturd gas by 
tMscompttiy. 

In the. Tennesaee VaUey Authority 
re^on;, ,the totil amount of unused 

'"'?l^^^^''OTauir>^^uced rTr^H 
dekring and Inoustrlal operations in 

Seating value of this te^due is equiva- 
lent to 4 J mlUon tons pf coal, whldip 
at $20 per ton j would be worth $58 
miffion. Thus, avallabiliQc, of these 
wood ftidii^, is of sudi mainltude 



MOISTURE TONTiNT i^iND.bRY WEIGHT WOOD FROM CERTAIN 
COMMON I^REES* 
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TABLE 2 ■ i ■ 

HEATINO VALUES OF SOME tVPICAL PACIFIC COASTAL WOOD RESIDUES 



Kintf sf Wiod er Bark 



Htiting Vilut 
imu per Ofy Pdund) 



Douglas Fir 
- Wood 

Westirn Hemlqek^ 
Wood 
Bark 

Pontiiroia Pine 

Bark 

Trpt^FTrs T V 
White fir wood' 

Wtstirn^ Rf dcedar 
' Wood' 



8,900 
9,800 

8,400 
9,400 

9,100 
9,100*' 

8,200 

9.700 
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1 



I 



fYiai miiiMriiif up IvMiily inetiM Iri 



tot their u^i^ti «%^^i or fuel 
^^^emenV is becoillni bnparative. 

In the combustiw of ^ood mi 
bark 

'must 

eifect 



procmas occw: (1) Heit 
be^ Slippy to e\aj^orati ihB 
in tha |W@od fuel to order to 
\combtisyon — the wount of 
witer jn the dry ^ood .^iis is an in^ 
portMit piopirty lin^, fa tba moistUrt 
^tef{f4^iji€raai^d, the heat content 
is proportioim^ly decfetodi (2) vola^ 
tito hydro^rboii |esea are th^n evolved 
an4 inbitd with oxygen^ ^vbi| off 
more heat is released and 
o^idM^^jn^ompleted wiA dia re- 
' aci^Qii of ^pn wi^ the flx^ ciirbon 
V at hi^ teqipeiaturei Initial^, these 
, ppDoe^es occur in succassipii^^'but as 
heat is geneiated the wood eventud^ 
^ b#itoy^jQ^M|^. 

and ^ proce^^ ocour at on^. 

The stodiioihetrjla air r^qmrement 
of a € 0 m bu s tton prooto i#^f^t 
amount of ^r ne^ssanr to bum the 
^bon and hydrogen in the fuel com^ 
plefSlJ^ To^^SfB^nT ~dioxrte^Wd"^f er . / 
Depending on the^ mdttture con ten t^ 
"sfa<^5niitrta^ lir^rfqtfrf insnG vary, 
^ iQdj naturaltyj so does the weight of 
^ the restd^g sta^ pses, 
^ Miiay flifm. today ^ready use wood 
and^uk r^dufi fuels. These tasiduts 
ait ilso burned tor ^oma heating in 
stO¥^« fttfni^,, and firepla^s. "nie . 
hiat of Gombustion of y^der dust is 



used bi vtn^r vid wood ^rtield dr^ 
Ing prooeiiis and for the productij^ of 
steuiti wMdi rt^eaeiM - the largell^^ 
industrid use of wood and bafk fuels. 

ing, and pneration Of electrid^, ^Hog- 
fueled iteam plants rahp in steam 
capacity from 10,000'jpQund3^^r hour 
to over 500,000 poun^ per hour, 

- _^ '■^ # 
Burning the Fuel 

■ '' >"i • ' = f ^ . . 

Probably, the mm%, common ho^ad 
mipd fuel burning process ^^Ivas the , 
of a dutdi oven. In the first stagej ' 
water in tiie wood is eviporatedj i^d 
the^fuel is gi^flad. In the second stagep 
fuma^ combusdim js^ completed, ^e 
I3^tem, is ^vity-fetf, as die hogpd 
fuel ehters the dutch .oven from above 
an^^ forms I coniqal pUe. ThB dutch 
ovin was in widespread use until abput 
25 yiarf.ago, R[estntty».mm efficient 
and larpr^capicity systams are avail- 
able, ' 



The demand Ml^ forest 
wo^ In tH¥ U^/wi^ in- 
oreMe f rom abcAjt tmrvt 
billlbn cubic iii^970 
to nt arly tvran^ billion 
eubia fMf In 2000. 
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Tlie fueb^ll prodm is idso a two^ 
stop fum^, as iUustrated in Figure 2* 
llir wood fuel enteirs the primary fur* 
nace comp^tment (rom ovirhaad. The . 
pivity-leH sysSm aOwi Bie TiHTfo 
drop onto a water coqlad pate. The 
wood is first gasiflad in the primary 
stage, and tha.g^as pass into a second- 
ary cQmbustion^ compartment for com* 
plate Qombustion, Wood-fual boileis of " 
^s type are in rather widespraad use 
tliroughout the western U,S, Labor 
operating c^ts are low because these 
staam plw^ are highly automajted. 
Low operating pressures of about 25 
pounds par square inch give thefe 
plants staam capacidas ran^g from 
10,000 to 30,000 pounds per hour, 
^^en the moistufe content of the fuel 
is abova 50 perdint, hogpd^fuel dryers 
a^ nacassa^. Many of these wood 
steam plants have applications in 4ry^ 
ing Mn process, 

Many staam plants recently con- 
sulted to' be wood' or bark-fueled are 
the spreader-stokarlypa. In the spraad- 
er=stokir system,, a pneumatie 'or 
i^adianical spreader feeds the wood 
fuel Trbm ^bve" onto a pata in the 
fumade. As the fufel falls to the grate, 
^is plitially combusted while in sus- 
|jension, Combusti^ of the fuel is 
coiT^Ieted on the, grate, Tl>ls operation 
ba ^ised with small plants to obtain 
steam rates of about,2|^0 pounds 
par hour or wit}i large cl^city plants 
to obtain SOOjOOO pounds per hqur. 

Tlii inclined p^ate fuma^ system is 
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ttmOif to maiiy munldpd loUd^ 
wsite y^Aier lUbn inathodi* At the lUr- 
mm itttit, thf hogged fuel is dip^ted 
m tim top iiction of ^ |rita. Ttm 
wood fM .then ptmn thrbu^ ^ 
thf©© zmiei of the pita, Tht flrat lec- 
tion dries the wood for combustion in 
the second section* In ^e third lec^ 

pleted, mfi^B is rainoved. 

TTie york-Shipley Compiny has » 
fluidiied-bed wood^w^ti haat^^covary 
^tem tlut can bum hbggad wood 
rasiduas with moistura contants of up 
to 55 p€icant, Aftar tha iystart' start- 
' lipf no lupplementtf fual is requirad to 
kaap the wood bumirtg, and thr sys- 
tem is ganarally autdmatically opar- 
atad. Boiler effidencies obtainad from 
this ; fluldized-bed heat-racovary ilfiit 
are comparabia to coitventional fuel 
aquipmant, ' 
Because of thair high moisture con- 



tend, wood and taA fuels ha\« 
heat^ Icmei due to witer evapon- 
tim firom the fuel On the aver^, a 
fuel ^th. a SO>pereent >m^ttue con- 
tent lequirei about 13 percent of the 
ft^l% totd heat output to evaporate 
the mdstuie. Over one^uarter of the 
flnal fuel heat output is required at a 
rf 67 percent* As tiie 



moiitura content is bicraa^d, ih^ 
n^ne temparatura is towered/ and - 
combustion is mhlbited^ radudn| the 
itaam output of the boilar. 'nie wbod's 
combusUon can no longer ba self-sus- 
taining as the moistura contant 
apprba^es batwato 64 ^d '69 par- 
ent. Ex^ssively moist wood fuals 
would probably have to h% dried prior 
to combustion or ba burned along with 
supjlemantal fuels such as oil aihd coal. 

The amount of ex^st air required 
for combustion of the fuel and the 
^gas-axiting temperature datarminis the 
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FIGURE 2 

STIAM PLANT (FUlUCiLL PROCtSS) FUILED lY RiSIDUES FROM WOOD 
AND BARK 
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hoikt heat lo» di^ to dry itack g^ses, 
^ ^dudngihe amounte of exms air 
used and by pis^g the stadc pses 
through a heat Ticovery unit before . 
Uiey exit the ita^, hiit Idsses ^ be 
ifdnindzed, 

the overaU affld^^ of a wood 
bumhig boiler syitem aan be ^culated 



By ayyuiting these heat l^^s, for 
exan^le, in a steain plant Whidi bums 
Douglas fir btrk fuel ^th 40^^rqent 
exce^ air (40^percant excess air ii a 
nprmal operating conditloA for a repre^ 
sentetiva wood*buming plant), a boiler 
. affidancy of naarly 70 percent ^ be 

' axpactad at stadc temparaturai of 400 
to 500 de^eas F* md moistura con- 

% tents of SO parent. These high effl- 
dencies usually requira fuel pretraat- 
nwnt (predrylng) and stack gas heat 
utilization achieved by the use of haat 
ixchangers. 

Air PoUution Con^ol 

y/ooS^ and bark fuels have relatively 
smaU^amounts *of sulfur and, unlike 
most heavy oil and coa!, produce sul- 
fur emiisiqns In volumes which are 
^iually well below those dlowed by 
governmental regulations.- Of mora 
concern to wood- and bark-fualad 
power plants are visible plpme and par- 
t i c u 1 a ta matter emisdon standards, 
Oregon's regulations for new b^er 
units aUo* o.l grain of particulate 
matter per standard cubic fqot of gas. 
Particulate enrisslons from bark-fueled 
furnaces normally r^ge from '0:5 to 
5*0 grains per standard cubic foot. 

The amount ^d type of particulate 
matter generated by wood and bark 
furnaces are dependent on the fue>' 
burned. Ash con tents (nbncombi^tible 
portion left over after burning) vaty 
with wood and bark type. ITiey are' 
gener^y hi^er in bark, which also ac- . 
cumulatei Jarge quantities of ,dirt and 
sand from handling operations. The 
emissions are comprised of dirt, sandj 
and char (unbumed carbon). The sands 
and dirt mc relatively large particles ' 
and are the nearly invisible component 
of the amissions. The char is relatively 
smaU and highly visible, 

Depanding on particle size, power 
f^Uty size, quantities of exhaust 
gases, and emission rates, air pollution 
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TABUIS 

mCU COST COMPAHIK^N OF SOME INOUSTRIAI. Fim^S USED FOR STEAM SENERATION 



mn4 9i Fuil 



Entity 



(DoiMrtl 



CMIINdn m%u} 



AtiyniM Stum 
If AQieney 



Flltl Get! 



OH 



No. § Futr Oil 
UteSPi ii TDH 



Birral 



4J0 



6.3 



80 

-SO- 



Nityral Qm ' ^» . 

lOOiOQO thtrmi par month 
. SO^jMO th«rim ptr month 
' industHaMnterf^ptibl*^ 

I00«000 thirms )Nr month 
. 500,006 therms par month 

Douglai fir lawduit ^ 
Wistern hamlock siwduit 
Dougtas t^f heggad bark 
^yVaitarn hamlock hoggad birk 



035 



TNrm 


, ^ \ \. . 
0.0661 


0.1 


76 


0.S7 


Tharm 


0,0612 


0,1 


76 


OJl 


Tharm 


0.0460 


0.1 


76 


0.63 


Tharm 


0,0^ 


0.1 


76 


0.58^ 


Unit* 


2.0-4.0 


16.9* 


66^ 


0.18^.36 




2.0^.0 


rt.3* 


58^ 


0.24^0.48 


Unit* 


2.04.0 


24.4* 


67^ 


0.12-0.24 


Unit' * 


2.0^.0 ' 


19,6* 


66^ 


0.16-0.31 



Nelai coit eompirlsohi ar* bmM on 1971 ind I97i dati. All €bsts havs rls«n ihirply ijnie Ihirip but the relitjya €dmpirlions arc still valid. 

^Nertnvmit Naturir Qif es.i Sefitduit f l, msn toad faetar, addlttonai dharga for axetsi paak parlod usagi* Eff«ctlvs Nbv«mb«f 14, ittl. 
!NoilhwttSt Natural Qas Co,, Schiduie 03. Effaetjva Noyambar l4| 1971. ' 

A ynlt Is 200 €uM£ faat of bulk vdlurris aiiumed to contain 1,900 pounds of dp QQuglas fir sswdusti l|700 of wasttrn hamlock sawdyit, i,660 of 
pouglM fir Mfk| and ^,iOO pounds of dry wastarn htrnio^N barN. / ^ 

*Hlgh«r hsatlng vilutf par pound» dry, assumadt Dqugias fir sawdust, 8,i00i v^stsrn hamloek sawdust, 8,400] Pougiai fir birk. 9,400{«nd wmnkm 
4«mlo€N baric, M00«^^ s ^ 

ifflslanelas assumad 40 pareont axc»s air, ioo . F* stack tamparaturag fual molstura.SO parcant for D 
hamiogk bark, ito pareant for wastarn hamiQQk sawdust. 



Douglas fir sawdust and bark and wi^tam 




CbMPARI^dN ©F TH OF SOME 

INpySTMlAL PUELi USED FOR. STEAM 
QENi RATION (BAIED ON DATA IN 
TABLE 3) ^. 

Natural gas ustge wis aifumld to be 100,000 
therms p«r month, ind tn@ cost of procisled 
Dougias ffr bark wds aisu^iid to be $4 per 
unit. . 



control d§yim to goUaet ^sa par-, 
tidii wi bo initdlod. La^f partiolas 
can ba ^iffldanUy ooUaoted by t 
madianic^ Qrolpni or a sarios of 
c^^ont^ For sm^ir partidiSi aleo^ 
ttostatia pradpitators may bi na^ssary 
to affact thiir ramovU from ixiting 
psas. 

Thesa pollution davicas may raquira 
large rapital and oparadng invastments. 
Hdwavar, dapand^g on tha char qual- 
ity^ tha jcojlaction iquipment can ba 
cost ifff^ve. By flni passing the 
stack psas through a scraaning procass 
to rajnova tha jgrgar sand and dirt par^ 
ti^aSj Uxa dhar can be reinjaGtad into 
the fumaoi- to complete combiistion 
with a minimum increasa in amissions. 

Collectioi\ devices for wood= and 
bark^fualad . power plants usu^Iy in- 
clude, a tWi&-stage coUection system, . 
However^ because there is relatively 
little axperitnce with control devices 
for wood=flred furnaces,, many collec- 
tion systems ^are not proven, feag- 
housaSj wet scrub berSj and electros^tic 
precipitators c^ be employed, d'^pid- 
mg upon the plant's raquiremen^ and 
their economic^ff asJbility at that £!ant. 



Wood-'Wastf^ Economic ' 

Tabla 3 pvas tha c^ts for fualM^i^ 
aquivdant haat contants, and Figura 3 
is a compariBon of costs of soma indu^ 
biaii fuals for staun ganaration baiad 
on data in Table 3. ^asa statistic are 
basad on cmU for fuel in Deeembar 
1972, and thay show hoggad-wood ftial 
to ba coniiderably lower in cost than 
wnventional fuel Today*s oil prices 
probably justify tha increasad capital 
mi operattng costs of hoggad fuel util^ 
ization. 

Steam plants tiiat utilize hogged 
fuel usually cost more than, a conven- 
^tional-fual-flrad plant bacause of the ' 
hi^ jnoistura content and handUi^ 
problems of hogged fuel Studies have 
shown that a boiler system burning 
hogged fuel alone or with a supple- 
mental fuel would costtwicf as much 
as a boiler that bums oil only. How- 
ever, although the wood- and bark- 
fueled plant requires twice the initial 
capital investment over conventionally 
fueled plants, other^factois should be 
considered, including: lower hogged^ 
fuel costs resulting in long-term sav- 
ings; fewer air pollution emissions; inn 





ig» coDventioiiid fmli tdvantagis 
of hdiged fuel ua^ with lup^roentii 

ing of wood tad btrk wwes^ 

QUinbtr of wiys/iuid kip pdwer ^ant 
tati^ttms aii not tiii oidy mans of 
fiMSf recovexy. Lop hditie use 
^ ba made ^ fram sawdusti wood 

^^dih^wsfe-IgDp madi from toivts have 

; not oidy aie u^^ltavis ei^ctiva- 
fy d^fNosad of, but^^^^r emt§^ is ra- 
covifad« llif Ifavas m saparatadp 
^ieds and ^^ed^d beibit t^y a^ 
mistad idth « to ud ambustion. 
They ut ^n ^mpie^d wd formed 



into sixtaeii-^inah^ong^y fou^lIldl- 
diamttif 

AB wp^ w^tis cQi^d be tuitid in 
a liitikf .mannar to alle^te Just a 
fraeUon of flia ener^ plnA* Thaia 
wastes aie ai^abla all around us and 
m usu^y obtauable by the fuel 
pm^^or at no cost Sometimis the 
-^ta ^odue^ evm pay the ftiil 
pro^ssor to reniove his w^tes. □ 
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: In ^ protoplasmf^ myck aeons ago, 
" l^ture l#amad how to tep the sun's radi- 
ml enorf^ and re^okage it imo fnom 
utHM fnji wQOdi and oiL 
And aver t^i hrlMrM to n^ 
nMIng Ifeka of wood loget^,^^^ 
has ttioi^htlflssiy bean squanditrir^ Nt- 
tyre's blo#f^rgy gifts. These onoMibun^ 

^soarce, arKl Man must' now searoh for 
renewable alt@matlve souroes to support 
his^lvHIzatlpn, 

At two recent meetings— ^one held In 
Florida this past Janumy and the ottier In 

' Washington, D,C, In^ Maroh— the eicplok 
^tlon of untapped energy souroes was 
^sMiad, Con^pts put ^rward included 
W ds^^iid^RM of liF^ 
energy farrns=th# Intense "harvesting"* 
of energy ttiroy0i M process Ipf photo^ 
synthesis — ^and the utll^tlqn of urtan tfid 
indi^trial wastes, and agricultural and 
forestiy residues for fuel, food and 
chemicals. 

The bio^nyarsion ^ocess, a twbritep 

; ^ocedure, simply. Involves tie creition 
of b^pffiass phbtosynthesis, andl tlie 

> ^^ibi^qy^'in^sfAtTiat}^ of ttifs mitter 

\r into g^^^/!)qUlid/ipj||d f^ to pro|vlde 
r«^ar^^$fg^fe^ hyio^ls, 

^. 'anaero^i^ t«rm^ (de- 
sWilciFvel' Aidira^^^ 

'jlifm'iyki ttieubasiq^^^ pr^^esses 
j&r ^^^i^h Mu^ is ah 

"^tiaby ■ l/'W^^ Wo tachnQlogl^as 
such as bfophoio^^^^^^^ 
sibia In the future/ * ^ v \ ^i^^^ 

According; to EPA mbi^ii^\'''i^6 
waste alone could suDply f^tween 1^ 
' 12% , depending on the4^nofnic^, of the 
nation's wsmg^ requirim for tiie near« 
and midterm futiFe,yBnd blomass (organic 
mattir grown for ©necpy) has an even 
p^tar potential^ oerhaps rnalcing the U,$,^ 
totally indeperHJenf of foreign energy 
sources over tne long term. 

The ootpmial total energy production 
Sl^^ss has been variously estu 
) at a ^nsarvative 3 quack'illion Btu's 
(^uads) annyaliy 6y the year 2003 arvd 10 
quads by 2020 (ERDA's Solar Energy 
Deffnition Report, 1975), to a high of IS 
quads In the year 2000 (Project Indepen- 
dence Report, 1974). And once the pro- 
duction and conversion problems are 
irorM out, frie potential for bioconvefslon 
appears to be Nmited only by the public's * 
perception of future energy alternatlvas. 

Wasie^as4uei technologies 

Theofetically, '^jbioconversion tech- 
.niquas can sirnuHaneousiy soive, or at 
least minimize, waste disposal and the-, 
attendant pollution problems while pro- 
viding solid supplemental fuel, or new 
conversion products— liquid or gaseous 
fuels, sugar, protein and fertilizer. These 
man-designed technologies rnay rid cities 
of their burgeoning solid pastes and, at 
the same tirne. Open up nlw sources Of 
revenDe. 




The magnitude of urten waste gener- 
ated annually is overwhelming. An EPA 
estimate places Vtm quantity at 135 million 
tons/year, of which approximately 80% 
or the equivalent of 400 000 barrets of oil 
is in a form suitable for energy recovery. 
According to Dun i Bradstreet, the re- 
covery'of energy and rriaterials wjll be ttie 
nation's number one growtti In^tefry in the 
last quarter of this century= 

Waste-as'fuel technologies are avaiU 
able for the prudent utilization of those 
commodities 'now thrown away. For ex- 
ample, waterwall Incineration is being 
used in the Chicago Northwest Incinera- 
tor^, fho^ied after the Martin Inclheratlon 
system widely used in Europe; in the 
Saugus, Mass., Refuse-energy plant soon 
to be completed;. and in the fully operating 
Nashville, Tenn,, thermal transfer unit.j 

Another technology— prepared waste 
as supplernentary fuel for co-firlng with 
coal or oil— has been successfully dem- 



onitrated at the St, Louis/Union iiectric 
plant (see f^n ktay lS7i,,p 430), a 
preset ttiat ii soon to be gKpafidad Irito a 
profit-making epmmtrclal venture. And 
ttils vory same technology If spreading to 
Am#i. Iowa, and ChleagOi III. A variant 
nnetiod^ — ^soild waste c^cornbuited with 
sewage sludge— Is being tested, under 
iPAJundiry, at jhaL , Si RfKii/Seneca 
Treatment Plant Sludge Incinerator And 
the investl^tloo of fluidizecl-bed com^ 
buitlon, again undfiMPA sponsorship. Is 
now underway,' ^ ? , 

Another physlcaj process, pyroiysls, 
the destructive distillation of wastes to 
produce gases, oils and char for usf as 
boiler, resldential^ieating and motor fuels, 
Is being demonstrated In Baltimore, Md. 
(see ESar, February 1975, p 98), 
Charleston. W.Va., and San Diego, Calif. 

Slow but sure 

Siological proceiies available to 
convert solid wastes to useful products 
iMllde fermentation and eniymatlc hy- 
drolysii. AnaerobiG digestion can trans- 
lorm organic solid wastes to methane- 
ontalnlng gases. Under an ERDA con- 
act, design and oonstruction plans for 
llgasting*50-100 tons/day df municipal 
ilM wastes are bf ing drawn up by Waste 
inagennent. Inc. at Its RonripanQ Beach, 
Fla., facility. The Institute of Gas Tech- 
nology (IGT) Ns bu\%a 400-liter digester 
at Its Chicago facility ttm is being used to 
demonstrate the feasibility of accom^ 
pilshfng blogasification of municipal solid 
waste and sewage solids to a methane- 
rich product gas. lOT's project Is at the 
pilot-plant stage! ^ , 

A bench-scale effort at p^m^^l . of tti^V 
Army's Natick (Mass,) Lafe&ratipty is,'w|th 
EPA support, being conduct^ to diinrH, 
onstrate the feasibility of ^tttym^atii-hyA 
drolysis of the celluloslc materlafs found . 
In the urbjn waste stream (see f T, 
November 1 975, ' p 101 1). Here, the con- 
' version product Is glucose, which can be 
firther manipulated to a sIngleHsell protein ^ 
or ethyl alcohoL 

Certain industries, sugar refining and 
paper products, for example, are.reufing, 
albeit in an alt ered f orm, their formerly 
discarded wastes%s a means of reducing 
both their ppllution problems and their 
dependence on externally obtained fuels. 

in puriult of Btu's ^ 

Preliminary studies are underway to 
estimate the quantities of forrft, field crop 
and anirrei wastes potentiiily available for 
bioconversion. Institutional, technical 
economic and envlfonmental variables, 
associated with the large-scale conver- 
sion of these residues to fuels, fertilizers 
and chemicals.are also being dermaated. 

To minim I zo their disposal headaches, 
lumber companies are using most of the 
slash and mill residues that they fo? merly 
discarded to heat and power their mill 
operations. These companies are even 
studying the economics and ecology of 
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^WMnf II Mfs^^ If piiiitt for. 



i IQ b« utfrtnd. It thl« th« bMt i«« Qf 
woHd's oc«iiist Even mor« tquctif;' 



M0SM «w <lei«r.< 
■MMne IMi hMipim 
hM atom iOeoOD in 



ft# cote, oaorgy fr^,bl#iM^'«^ 
"if firrfM s^NIM^iyii^^ 
Is. An imMioni^l 
Mridwlslft rM of ot^ftyiii^d^^ 

cultivitloii of m^ki^^ 



Junqtfv^ to mnrnf^ g^i^f^^fi^i^i 
©stry Q^mmmm^i'ii'^^^i^M 

^ be md for fti0d4iia^li^^ 

oniy to teiltef-0f 
^ to /;rflgesf ' ssii^ritoa ^^^^ 
bfean MP seWaail iaoodiiau iWvstM* 
drM and (Tduml ti^ fni^ fi^^ 

^ to cattlo. Alt9rtitMvity;tt»^h^ 

tatton, to mftiai^^ii^''^^ 
' 'industiy . ; ■ - ■ ■ ? ' y - '/ ■ ' - - • ■ ' ■ 

of ptatio lli^ tiiiii^ pgffi^^i^ 

California l<^lp^'iar^af um iAd^pl^fc^ 
= . hav^ boon jWa^ to b^;iiii^^ 

; AWioughtif^l^^ 

\ of ©n#rgj^ fftfinjn^biD^ and 
; Jndirect dosts-^sllll ht^- to bo 
.=wof kod «)at^ AKd4l4i(^>nrio|q^^ 
. m^tal t?^neflt!5 may ^ocnk(from <^ u$a 
of biomass ttw en^ri^' s<HJrce in lieu of. 
;the Iradrtiopa) Kydr'ocarbon fuels, studies 
; ^e, noef^ i^? askitf e that acJv^se effects 
. are:not ii^dvimeii% imro 



Somo . potontially; grave, p^tt^ml, 
yahowm rosphitlons itu^.bo^ll9^^#^iof; 
impMlblo, oan ovon^W b# sUi^^^!;: 
For example^ M roffMhrfty oW fv^ 
jw-iN^ of tb@ fill^ mtaat bii.«t 

terid by rapMty growing plan^ raisad fe^ 
btomasi. To fertlllio ttie surfa^f^tlbg 
oooaii fanm, ttio nufrtont-fM watM of 
tt y o^^ d opttm ^Id pumped 



to moiurftico. Will wofW wsa^ niodl- 
^^Mkm OMF m a d^ot mutt of atterod 
tampiraturo and roflaoUvlty owor ^enor^^ 
mm tarretfrial and oooania mas 
cifleally d«ilQat©d toonorgy farmlng*^^ 

If lai^ land mssos are dovoted 'to 
tingto ^Qp hortlQuttiflre. will ttio absorp^ 
tion of moisture In ^so areas be modi- 
fiod with'accbm^nylng 1^ of nutrient- 
rich soirand tncreai#d water pollution"^ 
What f^p^ns to tM oitablished aqo- 



or «rMd lifA. It la mn pM^^^ 
wHh prudont ptiiifilrig, tho davoldpnmit 
|i^M4nifS|j^ firm Wll have M aftlubrldts 
e^M of aliblllil^ global weathar pat- 

' - Oortaki^, blo^vfTsfon tochnologte 
liMan^ff Mure fuel, food ind 
auppliM. For tfie US. and oftier 
Mgh^ MuiMllzed MMtfrles. H redy^ 
Ml ttie pMobum levifgge the OKO 
natkm now enjoy, and tfie hasar^ ^ 
aoclited wMi advanced aoatand nuciear 
te^loglea^speclaliy thedlapafalan 
fissionable mateflals. For the thirds 
World ^untrles^ blOGonverslon offers 
.smalt fam^4md villages self-sufficienoy 
arid an Ifnp^ovement In the qualify of life/ 

A 6%|W sunny future 

Pi^iH^'^avwi&ntss of the potential 
tMi^flE|i fnhereijt Irt nueltar energy tech- 
1;: nologte li rMWhoi^.Mf Act a gigantic 
^^grouh^ttell ^iagtr4t,1east'£.^ 
#p^iAdn fo-ttiis fdrm 
an. ^Ommks coal te^mtoglc^, 
, . URmpoMltM^ 

l^ij^iF^t^j hiten/es. carry with , 
ttieAi;^pfV)e pQ$|ntlal^\serlou3 adverse 

f \ CofMh^^^on^^ii^as^ aldoe^ even If the 
U:a. pub^i^d^ b^^vTriMl of meir 
^p^iiript itMl tt^ counii;y's energy, 
prdMmk fnidbtodn;M search for Mter 
IrbulitiM ^!tAr{als«nd the construbtlofi 
*|SWfeF'fii^dat©d'teJlldlngs wlthVet^frt 

patic^l^n#4jdoor^»npoIlutton haife^ 
^ * And^Sck Wl^me pt^t^mm at%riiAgVlt 
fri^^^Wd^llzatfen bf<wl, ttie^ihoreri^: 
iMtotlofs-ipe» pQtefifla^^ ikr^l^ c(Jrr:%-. , 
||r^ehr^0Q Ji^ffcrts andn^ie ver^ r^ai. l5,tfs'^?i^ 
pa^ftlllfy0fanoiM^uc(ear:ft^ir0^ Ih^U^i, »J<i^v%. 



, of blOftia^s fflr et^rgy^i Th^ i^avent, 



coir^, is tfiaVthe B6c\hU eoonQprtlc^JraC ':. -Tr-^ 
stiwlonai^ ^nvfronfnafttat^tf r^pmTf^'''''7Js *S 
teCfjntol prolpf^m:^ cart be Ironerfbui 'Xt^.< ''h ^ -j" \ 

renev^able and clean SOuf<ig»s liydc^. r,V > - 
^rt^pni^ for h^n's itianlpy^tlv© pgrpd^Si^^l^^'i 'V* 
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Scientists are finding ways to redirict photosynthesis=tlia fundamental 
source of food--to produce hydrogin, the fuel of the future. 



EEN PLANTS MIGHT 





Billions of years agOp naturi ©volvid a tnarvfilous eri^ 
er^-prdfSuaing proctss by which green plants use tht 
pigment, chlorophyll to transf^ sunlight into stored 
foodstvypf^^ and sugaj^* Today some sd- 

eiiHitt^Biiwi^ our b^it hope for achlivlng long-tem 
ensr^ independence lies in r^ireeting tills grand proc- 
ess of nature, photOsynthe^iSp toward tte production of 
fuel— spwciflcaUy, hydrogin. Sunlight ^ufd be enoLployed 
to extract hydrogen gas from ordinaiy water^ The hydro- 
gen, in turn/ would be used in gaseous form as a substU 
^i^;|or nature gas or in UqueAed form as a substituta for 
'gasWine, , 

The vision is no pipe4ream. In a number of laborato^ 
ries, scientists have been demonstrating that it is possible . 
: to genmte-.hydr^a sUnlightp and 

. _PQrtianso£i|^^^aijy^^^B^ news is stimtU; 

lating some Optimists to i)t^!cithat de- 
vices for converting sunlight and water into hydrogen 
will be performing auxiliary jobs five or ten^ears from 
now^harbingera of big hydrogen-producing installationi 
in the years beyond* ^ 
The harneising of sunlight for photochemical produc- 
^ tion of hydrogen; would represent a signiflcant advance in 
tOphlstla^ttqnjOjitf fhft techniques of trip-, 

ping the^^jn^y^^ta^ft^^'W pgtiels^toi heai or toO^' 

buildings or tb-^jftteaie ^ ietH<^tjt,with photovollaic cells. 
Sunlight-harvesfrng dyst^f UttJi photosynthesis or 
iimilar processes would need ho'^perfsive mirrors to fo- 
cus the light, but would soak it up directly. Their cos t- 
efflciency could be much greater than that attained 
through conversion of light Into 'heat or electricity by 
means of artificial solar cells. 

Besides, hydrogen as an end product offers obvious ad- 
vantages over heat or electricity. Hydrogen can be stored 
for later use. It can be transported by pipeline over 
Jong distancea atione^ghth^ tiie operatitigcdsi of sending 
electricity through high-voltage cable8,<H: is an exceed- 
ingly clean-burning substance— the only residne would be 
water In liquid fbrmp mOreoverp hydrogen packs about 
two and a half times as much energy as gasoline by 
weight. (See *'Tfte Comirtg Hydrogen Economy," For- 
tune, November. 1972) 

A transition to reliance on hydrogen as a major fuel 
could not be made overnight, of course. It would require 



costly modifications in distribution lines/ i^rage facili- 
ties, pumping stations; household appHancei, internal- 
combuslion engineSp and so forth* And going from rela-^ 
tively tiny amounts of hydrogen product in laboratories ,., 
to the enormous^ quantities that would begin to make, an 
economic impab^-billions of cubic feet a day^ — ^would de- 
mand huge capital outlays and the solution of ep^neering 
problems that'Jljayen*t even been faced^yet, Buf the Idea 
of relying ^^^;|p^ehtfally^l^itli^ sourqe of energy no 
foreign pote'i^^ could interfere with has immense ap- 
peal* Using sunfight to produce hydrogen, furthermore, 
would make a lot mora sense than using nuclear or fossil- 
f Uel power plants for that purpose and consuming one 
form of energy in the making of another. . " 
.. Mm has known' for a century how to extract hy^ogen ^ 
from water -by means of electrolysis, the passage of an 
eleetrig current through water. But that is a relatively in- 
efflcl^t process. More recent are various catalytic steam 
and partial-combustidh processes in whkhv natural gas, 
oil, or coal are broken down to yield hydrogen* These proc- 
esses are hardly an improvement over feleetrolysis, since 
they consume our dwindling fossil fuels. The matchless 
^ advantage of the photosynthetic approach is that, as one 
^ scientist puts it;^**the sun pays theenri'gy bllL" 

iklpplng^vermllliionsaf ytars / 

The Idea of using sunlight to generate hydrogen still 
seems strange even to some scienlnats. After the National 
^^Science Foundation in 197S brought together specialists . -m 
^ffom different fields in a workshop on biophotolysis, or 
^fr biological "splrttiri^" of ^vater^ its report said: "For;\ 
many attendants, the aubjecf was rather new; for some,/ 
to the point of surprise." 

But a few specialists in the fiel^'have known for more 
than a decade now that hydrogen can he produced In sys- 
tems utillgirig; the^reen plant's photosyntlietic apparatus. 
The familiar fdsAiJ fuels— oil, coal, natural gas— are end 
results of photosynthetic reactions that occurred eons ago. 
'The objective of the new research is to skip over millions 
,of years and go directly to fuel pifoductioh. 

Plants do not produce hydrogen in a usable form. They 
extract hydrogen from water nat as A ffls but as^ions, 
or protons, which enter Into the com^tf?prQCeBses that 



Resmrch asaocta^' ^ter J, Sckuyten 
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G|tthftJ!<JaUjM MikfeFail Instead of Food 



ThtM diAffAiaf fum up iditauiti 
' how fht natural proms of pbotoi|^^«^ 

; toiwd pfodtii^oQ tst fuel. TOo ^iloro- 
pka^ la ft oUorophjfll^atftlBlar itroe^ 
tiirt withiB plaat edl-^hloropki^ll, 
of eouiit, boiaf tint ubiquitoui fTMn 
plfmut of tht plftfit world. At tht heftrt 
^ibropWt ii^tba '-rtftelioB eta- 
' ttr^!^ ^ntia^Bf of a iinf It ittoloeult, j 
i' ' yfyk^ ft phpt6&» or QuastuiQ* of j^ht ^ 
? , Impaeta a rtftetioa coBter, it atte ^ 
^OB ft mim of tvfiiti that wit^ flvt 
rainy ttt Qt so Itad to tbi tyii^iila of 
oarbohydrfttft (diafram at left),"^* 

ly tmiffrrtd to aa tleetrdn, whleh la 
knoekid out of raaetioix^ etstt r and 
taken up by a naif hboring -'aoooptoF'' 
moldcultp which earriii thf ilto^n 



awfty, Thi rtftotloii-oftnto molteula 
raa^if out for sia^t ftTaflftblt 
"49^or" to Nplaeo^e lost iltobfi^Thii 
dOBor li'mtiF, brought up ^roufh ^t; 
roots and pi^snt in plant tlaau^. 
The oheraieftl bond bttw^n oaq^gen and 
hydrofgn in the mQl^ult U very . 
•trong, and lunliirhfln the visible range 
that green pUnti u$lliie ian*t poweiful ' 
enoufh to break this bond dlreetiy.; But^< 
sunlifht ft^omplishM the same purpose 
in a more subtle way, by inducing fche 
reactl^-ointer molecule to txtract el^- 
tens water. < 

Water is thus "split** into hydrogin 
ions (protons)* eitct^zup and^moltculftr 
o^gen, which dlffusii into the air. The 
electrons and hydrogen lona are pasied 
along fn>m one molecular carrier to an- 
other, combined into a itrongly reactlv€ 
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eompoundp and finally ipployed^^ong 
wi^ carbon diojclde taken from the air 
^in tikt manufacture of glucoaet a aim^ 
pie carbohydrate. 

Sctotiita are now^^ngagtd in redi« 
recting this procMii toward generation 
of hydrogin gae (diagram at^right) . To 
produce hydrbg^, Intooduce the 
enayme hydrogenasf, extracted from 
phot^ynthitle bacteria or from algae. 
Scientists don*t Im^ eicactly how hydro- 
f enaae jKs^ka, but:^omihow It induct 
the ij4etrohe ahd hydrogen Ions ex- 
tracts from watef to link up and form 
hydrogen gai! Another promising ap- 
pxoac^ being puraued is to recreate the 
bare essentials df the photoiynthetic 
apparatus with synihitic chemieals that ^ 
mimic the abilltfei of chlorophyll and 
hydrogenasi to generate hydrogen. 




restracture hydrogin md ^rbon dioHide into cjarbohy- - 

Fbrtunately, bowtytr» thiri art s^t photoBynthetic 
micioo^ianiHmH that doyltld miaBurabli amounts of hy- ^ 
dr^pgiii gaa undar special conditions. Thes© organiims in- 
clude €ertaih ilgat that re^aaHe hydrogen in «n apparint 
pr^Qss of priming thei^ photoHynthttic apparatus^ They ^ 
do m with the aid pf an eri'Eyme called HydfogenaMs, which 
indueea electrons^ link up wt^ h^dw^ggn ions p trac^d 



s from water." Thia Hnkifig-up reBtructift'eg the particlei 
into hydrogen ga^. 
In 1961 a brilliant^ pjoneer. In photbsynthe^li reitarchj 
. Daniel L Arnon'of the Univeraity of California's Berkeley^ 
campuif showed how to*get around the reluctance of high- °" 
er plants to yield hydrogen, rfe coupled chlorophylUcon- 
tairiing chlbropia^ts 'Which he extracted f^m spinach 
leaves/ to a bacrterial^hydrogenai^riiinid a^mp pn ft 
mixture, and produced some hydrogen* Pu tting.tb^e in- 
gredients— chiorophyll and hyirogena^e— tog|ithfr.i|tih€ 
dpminant approach now being puVsued In a number^ of 
univeriity, governriffgnt, and corporate laboratories in this 
newest search for ^i^burcea Qf energy. 

There Is much to be leaS*ned, "V^ile' photosynthesis has 
been studied foV nearly 200 year^i tHe attempts to rechan- 
nel pArts of the photosynthetic ntachinery toward produc'^ 
»^tion of hydnogen are,*>nly a fewyjpars old,' Even Afpon's 
experiment was ^triied at llltffi^riatin^ the process of pho- 
tosyhtheaikrathes: than at pot^tntial production of energy. 
Arnon, furthermore, had us|d organic material rather 
->th An water as the *^ource othydrogen ions. Proof was still* 
, needefd that gunlight could split ordinary water outside a 
liying plantc^ 1 r* ^ 

It took /the energ^crisiK^to send icientist% scurrying 
into theirHabs to start lodking^at photochemical hydrogen 
\ production in earnest AlmciM simultaneously in the early 
IStO'sJ work began in aboui a dozen major labs. At least 
three corporations, Martllfi-Marietta, General Eleetric» 
and Ex^oHt also got into , the act, * 

Cdplngiwhh lift's Instablim 

/ In 1OT8 a group at the University of California's San 
Diego i^mpus successfully used water as the source of 
hydrogen. Hydrogenase^ blocked the path leading^to^arbo- 
hydrate synthesisp and for about fifteen minutes the chlo- 
roplast-hydrogenase system generated a minute amoUnt 
of hydrogen gas from water. 

This achievement galvanized researchers atither labs, 
^^calls giicrobiologist Lester .0. Krampltz of Case WestV 
-'ern Reserve University : **When we first began, we 
jumped for joy when we began to measure hydrogen 
being produced— eveft if It was just a blip^nbecause we 
' knew we were on the way." 

But as Tesearchers strove to improve techniques and 
extend opei^yng tfme, they ran into tough obstacles. 
Lack of stabllfty plagues any biological subsyatem taken 
oiit of , its normal setting. Chloroplasts and hydrogen ase 



^fl£^^ not excep dhtoroplasts detirioratt outsj^^A 
jplaritSirtjh about half an hour ; ipfne varl|tiesl8thy^ebg- 
jgnai^ cjptjbe Jjjac pKygin In a- f^^ni^^ 

f ^Rei!wrchir4^i^i€n,^^H^ And' ways to protf€|^Udro? 
^arts and hyd^g^nase f rdnLiwif t deterloratioil! 
fec^ivf techiiigtte }iai been to eneapsula^ chior^ ^ 
ilction centers inside microscopic plastic ^"^a^ 
^astld acts As a. semiperm6able membraneV :f 6^ 
spiall moleculta. su ch as those of hydyBgiih.or 





to pass through, but pot large molecuhfis ttf more < 
substances t)Kit might damagij^he chlbrbplasts^ 
fa4s» floating Pin water in a test tiib^ ^ere lilt: 
"^01 a lamp, theS^ produced tiny amounts of hydrogen fot; 
^ at a timi* Other scientists haye succeeded, in^^x-^ 
the Ufe of hydifbgenase from nrinutis to niPre 
armonth by binding molecules of thi eniyme to the 
e of QmiftU gliss beads aird Ktepfng them in a ^vor- 
cHemip^ environnient, . t$ i * 

rir the efflciencies of hydrogen-producifi "sys^ ^ 
IrjB generally low^^^nly about one-tenth the 
q^ney of isolatiid bhlorop^iyU produO^ng^ carbohydr4fte. c 
But th is repreii|rit^ a hundredfold ^ iiripi'o^ifimeht over 
rea^Iti^obtlftined only three^y^ , 

The bluo^grfti^^dpurpf^^^^ 

Following jp^ftr paths to photosy nth etic production of 
hydrogen,, sdifi^ scientists are employing microscopic 
aiftae aj^d baftt'eria, A partlcularly^promisi system, de- 
vised at the Rlchnrtond field station of the University of 
California, utilizes blue-green algae* These tiny plants 
have feoi/^ chlorophyll and hydrogenase. They manage to 
exclude qjcygen from some of their reactions almost com- 
pletely—a big Advantage over the coupled chlorophyll-' 
hydrogeftase systems, where oxygen can poison both chlo-^ 
rophyll and hydrogenase* The Richmond apparatus re- 
cently yielded two liters of hydrogen gas during a con- 
tinuous twenty-day-long run— a record for.a.bialogical 
systemi so far, Thatj of course* isn't a great deal of hydro- 
gen—it would be just enough to keep a pilot light on a gas 
itove^burning for nine minutes* But the California scl- 
entiits are confident of eventual success*'They are now 
operating a prototype outdoor generator that is powered 
entirely by sunlight. ■ \ \: ^ 

Still another mi crosdopic I organism has recently at- 
traoted attentioh from scie^ft^ts interested in hydrogen 
production. This is a purple-colored bacterium that lives 
in salt flats. It usesj not chlorophyll, but a pigment close- 
ly related to rhodopsin, tjhe pigment in the eyes of animals 
that converts light into electrical signals to the brain. 
Lilce chlorophyll J the pigment in the purple bacterium ab- 
sorbs photons of light/ But while chlorophyll turns the 
energy ©f photons mainly into a stream of electrons, the 
purple-pigment molecule produces a stream of ^protons. 
When impacted by a photon of light, the molecule ejecte 
a proton into the surrounding salty fluid and takes up 
another proton from the fltiid, gaining energy from 'this 
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'^nverpfon. One group fe ^lrwdy wprWfcisK oii a By«ttte tjft 

used to epUt w^ter jQto hydi^gin ; ^ 

In liiany wa^ the ld^4q^rl»adi to imot^ 



I Id Mvdriiliia piMymU am Mng rnvtsilgatdd these diy§. 
University of California blo^hti^jst ybhn Btneminn (right) and Ltoh 
Koohiah, in yndarsraduata, art doing rtsear€l(i on the ibiiity of miero- 
SGOpIo biu^^green algat to prdduoe\Hydregen ynder spigial ddndltions. 
Tha aigae nor(nally draw nitrogen from the air for their melabolio nasds, 
tout wftf n ^pfbftd of atmpsphtrio ibitrogtn they switoH to an'afttma- 
ttveflMM that InvoNtis amiision oif hydrogen. At tht,Riehmond. Gal- 
ifomnRPb station, s€len)isti grow ihe atgaa In an argon atmdiphere 
under artlfloial light imitating iuntlght The argon la pumped through till 
that tubing in front of tha^p iciintls|s. In a rebent' e^piflment that ran 
§Qntlnuously for twenty days, the apparatus shown here generated No 
iiteiii of hydrogen, a reo(^rd for such sVstems. The scle^tiits have begun 
testing a prototype of tv hydrogan geberator powered by sunlight, . 



^^in»n)@nti^onff ofKer ttiingi ; tiiif wottldilmprq^ tHe^ 
^6I«R4^ of the bsritem. Plants uee en^ abeuV hUf 
ivUIabli sunligbti but frow the gtandi^Int of hydrogen ^ 
proil^etionvliwoald be deilrable fo litiUie the f uU>iU3^ ^ 
andlnten^tyof aunll^t v 
Pqlp thi^ ramns andistherp, wholly gynaetic ^^t^ 
JWAJteclafc.qpntTOagr,^^^ 
__.,J#y bliSihemlst who in 19Bi:wqn tiie Nobel prize for 
hmeing ttie'paihwayi oi carbon in photossmthesitf, is per- 
. haps tihe taiding ai^Hiit of all^ynthetie schemeg. Starts : 
ing a few yiaFs ag^Calvin and his assoeiatei have b^^ , 
tiding to syfltheaize dyes tfiat would imitate chloroph^rirs i 
light^bsorbi^g and water-cleavii^ ability, and artifldal 
Mtalysts ttiat would Imitate the action of hydfogenasf in ; 
the production of hydro^n. "My approaeh," sajm Calvth, 
'*h8s been to build iynthetie devices bajiad on inf ormattonf , 
from.grien planta, but without iheir variable." 

: : . %1 - ' - ■ ' ' ^ 

In tills teak the Calvin .team was r^ently ©utdiitanced 
by a young coupl€| working at the Unlverslj^ of North 
Carbllna. Qerhardland Hertha Sprintidinik, both chem- 
ists from Austaeia, kucceefiidr for tiie first timij in using 
Sunlight to split w«erp with an artificial diemical com- 
pound taking the puact of chlorophyll and hydrogenase. . 

The experiment contained all the ingredients of A cli^s- 
iear^cfentiflc diaeovVs^. Ijfc Vas made by accident; with / 
rather primitive aquiwi#nt^ The two scientists, working 
^ without even laBorato^^ssiatants to help them, had only^ 
the counsel of their senM* adviser. Professor David G. ' 
Whitten. They weren't se#^ng to produce hydrogen from 
water. Instead, they were iiwestigating the pfOpertiefl of 
membrane^j which have a errycarbearing on health and 
disease. (The proj^t was bef^|g sponsored bv the Na- 
tional Institutes of Health j 

The Spfintiichn^a we^e working with the metallie ele- 
ment rutheniumfWhen dissolved m water and illuminat- 
ed, a ruthenium powder fluoreaces^righ^ red, gfving off 
airbed light. One day last Deceniber, Gerhard Sprint- 
schnik submerged asllde covered with a very thin layer f 
of an insoluble ruthenium complek imwater and shlned a 
light on It He 'did riot ate any fluqreacencc. Ihis un- 
planned experiment was tHe key one,\ for it meant that 
something eiKe was happening to the \ight energy* Per- 
haps it was interacting with water, 

At flrat, however, the Sprintachnlks tiidn't detect any 
'*^pnitfhg of water. But when Gerhard q^me into the lab 
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Jftst dhHitnai pas^ htf filing to the surface 

V i^if^m iiit ilides hi&had pi^ inttfa vesetl full of water ttie 

pptViojus d^y. The Sprwtschniks had to . be c^in, 
L ; tfeiugK; that what the^ were seeing was a true cloving of 

"w^bs^^ md not mtm^ se^ondai^ eff^t. A ratio of 
. two mdliculegbf h^drogen:to one of oieygen would provr 

. that water mol<^ulf a were Ihd^ being split The ^oiing 

^^ientiits collfcted a sample of the gas and then had to 

-■■;/WAlt:imTiAt-ialatl ir-.-ffty .ahftiit- q wflak bilfftrfl^t: Wflfl BllHlV7ft^ 

It.^rpved to consist of molegvlar hyd/ogen a^ ojcygen in 
. just aboyt the proper ra 

Many problems remain t^*be worked out tNsfore the 
^printschniks* system of pj^oducing liydregen can be 

V s^aMd Mp. I'or one thirigp ruthenium» at about $3,500 a , 
kilogram, is approximately as expensive as gold. But a ' 
little bit goes 'a long way : the Spriritschriiks have calcu- 

V latsd ttiat in a moijolayer (a la yer^o ne moleculi thick 
4 complex containing a kilogrffl^f ruthenium could 
ioyer forty acres* If. the stuff could be made, to stay in 
place* if "probibly would last indeft^ 

. The two scientists en Vision the eventual emei^nce of 
large hydrbgen conyarters in which a ruthenium complex, 
or a similar syirthetic material mimicking chlorophyll, 
would be spread thinly on^lass plates or sheets of plastic 
to $paK up sunlight. Hydrogen and okygin would be col= 
^ ^ lec^dviniide traj^slucentr pjastie canopies covering the 
^?^4nstaIlationv It w^uld necessary to separate the two 
> gase4, because together they a threat of explosion. 




fU.: '< ' ... 

Thf oxygen Atid. b# eomprtased jfor use, in Industrial 
operalidni^' the4^drQgei#woul^ 

l^t ^irttechniks* success la figiJrring on a variety of 
phbiochemlcal approached to hydrogen prbduction/ Ex*': , 
xon li (developing an ^p^iiijnehtal photdalectrocl^emifcal 
ceH tihjat sunlight can en/irgize into produci hydrogen. 

; At New Meiclcp Stet^ Untversify^ pcientists have devised 
a copper^containing compdunid that- can use ultraviolet 

-44^it4oHpyoduce4t3^ro^ . ^.i . ^ _ ^^^^ ^ . - ^ ^ 
. All ttese sptsemSp whether, wholly or partially Byn» 

' thetic, might beheflt f rom additional basic knowjedge' of 
exactly how a green plant converts sunlight into dteini- 
ml mBTgy so efflcientjy in the primary step, howMt ex- 
tracts 'hydrogen from water^ and how hydrogeiiase turns^ 
the hydrogen ions into hydrogen gas. Many gaps ih Kasic 
underatahding still exis^ partly because the light portion 
of the process takes place in millionthSpiiven billionths, 
of a second. Such events Can be traced bnly with highly 
advanced, and extremiily expensive, instruments* 

Whether and ^ho^ soon the promlsf pf using sunlight -' 
to produce hydrogen will be realized wUl depend in^part 
on'tiie funding itf research efforts. It appears' that tte - 
Ener^ Kesearch and Development Adminittratfon, the 
tergest source of eriergy-researeh fundi,' has yet to per- . 
ceiye the full potentialities^of photochemical /production 
of hydrogen. This year the agency will speiid $8 million, 
a barely perceptible fraction of its $6.4-billion budget, 
on phqtoaynthesis^related reiia^ch^This failure of f^l^ j 
era! ener^ planners to git behind photochemical re- . 
search may be iheir biggest oversight of all/ eKd 



fV|1ti ra@lp# eilft for tplni^ In some 
of !he hydrogfn-generation tfxperi* 
hfisnts' of biochemi^tii Lester Packer 
(left) and Eiisha TeUOr at the Univer- 
sity of Califarnia'i Serk^ley campus. 
Vla!i fipntaming'tfie reactlen mixture of 
-ehlofophyli; extracted from spina4h\ 
leaves, and ertzymei from bactena ar%tf 
eigae are^kept free of oxygen to dtfey- 
deterioration o(> the siibitahces^ Tftfe" 
^lals are immersed in witef and tllum^'^ 
natid from below by a bank of 50-watt^' 
reflectdr lamps, which Imitate^ suntight.- 
The red plastic sheet filters ^^(traneous 
light from other source^ in the latjora- 
t<^. The reseafchere monitor the 
'I'eaction by perlodicaliy withdrawing'^ 
samples of hydrogen and testing them 
In a gas chromatography Test resCiits 
emlirje as a graph on that moving 
ijtdjl.of pfpf r iri tH^tiackground, 
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opiit at th« Nalienii Cintcr for tWi 
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hawtn NatiOhai Laboratory, te 
Island, fj«w York. 



The world's 
biggest fireplace? 



AS SUPPLIES OF FOSSIL fuels UimiiVisli at an acgclcrating niti*' it is, 
naturul to coiiiider replacing them witji energy rroni tlic^iin. One bolar 
' tcchnolbgy which is attracting interest is tht^,oklest pt'^ifauimstini! 
and burning plant tissues or combustible liquid^^ syntn^^i/ud , Iroin 
them;^,a .proce^ called biQConversion. There is a pt^rv^i^ivc ■ IVeling in 
ffiU countryv sumnjed up^by th^^bumpcr-sllckcr exlibrtution to -split 
wooU, not atoms/', thut biocpnversiorr is a desirable ■ clean, anxl renew- 
abiu ^mircc of fnergy whiclV we might bt'iible to fall. biicL on when 
^W^:PWsent^f^yte^eCome un This ^Jeeling has ikimfesfi^d iiself 

in several waj^ Studies have been made of the potential of New 
England's forests to supply energy for the Northeast.^ At an An^er^ 
iean Cheiiiical Society seminar in early 1976 on "viable alteniate 
energy sources" the inter Technology Corporation\leHcrjbed its phms 
for plantations to fuel military^ bases. During the energy crisis of the 
winter of 1973, state and national forests Were opened to hulividuals 
wishing to cut firewood; state forests in New York are still open tor 
^uch purposes upon payment of a small fee. And woodburninu stovl^s 
are'enjoying ^ comeback. . ^ 

The^ idea qf returmng to large-scale burning ol^wood products I or 
energy might at first seem retrqgressive. but proponents point to its 
many attractive feature^: \^ . . , * 

L It Is a solar technology, depending only upon the inexhaustible 
radianfreliergy^ from the sun. ^ ' 

2. Unlike .most other solar technolggiesv itjs proven/The photo- 
synthetic apparatus of the green plant celf has evolved over hundred^ 
of millions of years into an extraordiriarily complex and efficient com 
verter of sunlight Jnto energy stored in chemical bonds of carbohyi 
drate molecules. 

3. The Afgrgy source of the technology the growing plant does 
not requirfcjaiie quantities of exotic, n|re, and sometimes toxie |nute= 
rials as do more sophisticated man-made solar-conversion contrivances, 

4. Green plants obviously are sel^replenishing^ and biodegradable/lt 
isr claimed that when plants are burned they produce relativelyMittle air 
pollution, ' ° . 

Given the considerable advantages of this technology, ther^e is a 
tendency to overlook its shortcqmings! .First, the present worldwide 
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um of energy U so staggeriA^y hup 
. that it ti, inc^n^ivibte that bioconvtf - 
iio^^n Qipply mdif than § tiny frac^ 
tion of the total, lti>oRti,bution wiU 
b§ limiUd by ihe lack of iome very 
biiic re^rcei: lahd,' water, and nutri^ 
enti^ Sesond, even i moderate ai^lica^ 
tion of the ptQ^m t0y dsinaie valu- 
able biotic oomroun^lis and Qtber 
naturil rtsour^s, fspedaUy toUs. 

tM Eoefiy PlaDtatioii^ 

Thers vf ^ |wo ^fxkting genefal ap-^. 
proachei to acquking bioaiaM, or living 
mat^ali for gonveftioh: NatuiiUy 
growing biomass,- as in jMe^s, can be 
htfvested; in states sugh^as Maine'^and 
Vermont, wtuch' hayt lo^ populatiphs^^ 
and large f6rgsts, it has been sMiested 



that 1^ naturally growing 
e^pifinted for fueL Sifniiarly,^ by^prod^ 

, ugts such as stalks^ j|^ff, and animal ^ 
droppings hay/f b^e^^ond^red suit 
able for conversion to fu^ for enerfy. 
The other su^ested approagh is to 
create special energy farms where a;^, 
crop selected fo^^s high prodaction*^ 
level is used as a fuel or^ feedstock 
rather thon as a food, ^his alternative 

* - the energy plantatistfi - is thought 
to have gre|tJ|r ^potential because ton- 
trolled spegies compositioA, soil n^tri- 
tio^ tnoiiture content^ and planting 
anWiarvesting times should provide for 
much higher levels of prodbgtiyity thfn 
would ^ ^cur ^ naturally. The Stanford 
. Research Institute has de^ribed one 
hypothetical ' energ^.ir plantation ' as 
follows:* ^ ,civ 

"A biomass plantation wouW be ri)'-^ 
atively large in terms 0f conventional 
^SgriculturCj covering perhaps an area 
fifteen miles square (|^4 ,000 acres). A 
facility for convertini¥fhe biomass to 
usa^ti uneigy (e,g, (a fiO-megawattV 
llettric power plant or gasification ' 
plant) would be located 4t the center 
of the plantation, Thtf}. biomass c^p 
would consist of a yfonglomerate of 
species selected primarily on the basis 
of high biomass yield, , Conventional 
fanning practices would be used where 
ajp|5ropriate or modifiedf^ to exploit 
Vther production potential or energy- 
costs savinp to the fullest extent pos^^^ 
sible.^ Examples Vof' such modifications 
would be the use of 'no-tiir methbdSi 
the harvest of roots and crowns in 
addition to aerial plant parts (annual 
^rops), and the use of understory . . . 
arops. Yields of 30 tons of dry bio- 
mass ^per acre-year would be antici- 
patedj providing an annual energy har^ 
vest'of 4SCf million Btu per acre, 

"The^ piantation operation ideally 

jj^oul^ produce three crops of annuals«'* 
per year, , , . Before*plantingi the fields 

ijwould^ .be^cleared of waedi by tHe 
appUcation of an herbicide to eliminate 



tiofi^^In 



;coin^tition fi^^ater ind,plimt nutri- 
ents. Planting the biomw crop could 
bf oombined in one operation 'with the 
ap|fli^ti#n* of'jfirtilizer. At an appro- 
pfiate interval after planting, a dde- 
dreeing of fertiUzeir x^dbld be ^applied. 
The hiof^.^s crop would be Arvested 
by = means of self-propelled coihbines, 
which would chop the biomass iiito 
small pieces to facUitate drying. . > » 
Airciaft would apply in^cticides ^d/ 
fungicides when and where needed. It- 
ia assumed that an average of tw»sucff ,^^ 
^opeiations per acre-year wouy 
ne^ed across th^ entu^e planta 
certain instanges^^ would be feasible 
to apply these pestigides witl|^e irri- 
gation^ water.,,, irriptioh^ water 
^ould %e applied at two-^eek inter- 
nals. . . , Thr plantation would be oper- 
ated seven days p^,week, 12 hours per 
. day. Irri|ation activities wpUld 'be per- 
formed '24 hours'per day," ^ 

The U.S. En«iy System 

The U.S* acquires erjergy principally 
from fossil fuelSj with minor contribu- 
tions from hy^dropower and nuctear 
source, bf the 72,16 quddriUion Btu 
consumed in the U.S. in l972,v56,S 
quadrillion Btu^ of 78 percent of ihe 
total, went to end uses such as heating 
and poling buildinp, making ' steel, 
fheling vehiclesj and so on. Of thi 22 
percent lost Hi v^ous transportation 
and processing steps, IS percent was. 
heat wasted in the generation of eleaifi 
trigity,^ 

Of particular interest herc^ is the^ 
magnitude pf the energy utiiizatiorir ^ 
which is impossible to conceptualize 
. un|^ it is expressed in terms within 
our experience. We can accQmplish^this 
and, at the ^me time, gain an under^ 
^.standing pf bioconversion's potential 
'contribution to the nation's energy 
supply by determining thg, amount *!jbf 
resources which would be needed to; 
supply this amount of energy by 
photosynthesis, * ' 

. Plants, by abiorbing the radiant 
energy of the sun and using^it to drive - 
chemical synthesei, build up a store of 
organic compounds in plant tissue or 
biomass. The energy which is released 
by the combustion of these com-^ 
pounds, usually expressed as kilogranj 
calorics (Kcal), is called net primary 
production, "fhe rate of net primary 
production depends on the types of 
plant species and the hospitality of the 
eIRvironment, Productivity rates also 
are expressed in terms of weight, such 
as 30 tons per acre-year. Some net pri= 
mary production rates a% listed three 
different ways in Table 1 , 
■ Land Requirement, Table 1 shows 
that 1;540 Kcal peWquare meter is the 
net productivity of the cool temperate 
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f^tft, the type ef,^ortst which growl 
in^ew Englsiid ii#his dited ar 
a p^'ble iQUi^ of §ri^r|y^or Mi^ie 
and VeFfnonj. At thm rate, how much 
liftd would be' required to^diiee the 
72.16 qu^riUion Btti, or^WiS quad^ 
^ rUlion K^l, usid annuaiiy in Ui^ 
coun^i^? The iquaiion ^ • 

' J8,i8*qu adrilliQn Kod V 
. I ,S40 kca! per^iq. iTS€t@| pcf year ^ 

it ,8 trillioh sq\ vg^im per year 
indicates a land r^uirem^^of 2.92 
it^es, ^ 4.55 md^R square 



^ biUion 
^ miWt 



'eautafger than the contin^ 
hieh is roughly 3^68 'AAU- 
mUes: Obviouslyf uim type 
u|d not produce as inuch 
i-H j^i^ being eonitmed li? 
ation is hardly mpre 
the -mQt^ productive 



a 

cental lis 
4libn sqii 
of foresl 
energy as 
the U,S; The '4 
i^spicjoiis Yor 

pian|%:in Ta^le l.^^^of the plants 
W0U14 require' huge' Imd areas to 
Bupply aU of our ene^y . needs, oi ian 
be^scen in Table lve|| sugar cane, 
one of the most . productive of all 
T plants* woffd hav# to be iatensiveljP 
- grown QVjer l^ti million acres, or 6 per? 
^ cent of t|w total U.S. la f^d surface area 
= ap area only a litil# smaller than 
^e?^s to provide the annual energy 
^^used tn' this c^'ntry* ^ ^ 
' ■ Water fUqMiFfmenL the^iimount of # 
water w^ich^ must be added to soil by 
irn^tion or rainf^ to iuppo^ pla^ t 
grdwth^ depends on the water^holding 
capacity of thfi^ sou, thS lo^ climate 
(temperatur^ humidity, and distribu- 
tion frf^nnuai precipitation), and the 
ntids of ^the par|j^|ikr plant. Five 
^acre-feet of wate^ (Waiir five feet deep 
p^r^acre) per aw per is a typical 
, wmr^ nved for cfopl grbm intensively 
» in^^f southw^tem U,S<, 1^ mg^ 
^sted af idg^ for an energy pj£itation 
because of its intense sunshine i|Skd vast 

w 




areas of public land available through 
, ipvemment subsidies. (Actually^ 4ven 
acre^feet ^r acre per yi^ar must be 
addcd^ because some watir runs off or 
percofHtes downward and is lost Id 
plant uit,) Multiplying the sugar cane 
plantatlon^v acreage in Table 2 by five ^ 
feet, we obtain 740jOOO,000 acre-feet 
^ of >pter needed to irriRate the biomass 
to 6h used ^o provide the annual U.S. 
energy requir^ent. By comparison, 
the mean annual discharge of the 
Colorado River, the largest river in the 
region, i|^ only 11,500,000 acrHeet 
under natural conditions - or \wu than 
2^p0Fcent of the projected annual 
requirement. ^. 
■ Nutrient Requirments. In addition 
to sunlight and water, plants require 
relativflly small iHiounts of nitrogen, 
phoiphorous, and potassium, as well as 
^ther ejementi and prganic substance^ 
^ tracr quantities. On a national scale, 
howevi?, these mineral reqiiirements ^ 
are h^e. ' . ' ' 




It is known that a 50-ton cane crop 
' annually removusjfrom the ^oil 7S to 
,S0 pOt^di .of ammonia (frH^), 50 to 
60^^r^unds of phosphate' (FjOs), and 
Wo pounds of pBtash (K20)r To pro- 
duce 18.18 quadrillion Kcdl at 4.Kcal 
per '^gram of gan^ requires 5 blUipn 
^pns of cane. Five billion ton^ of cane 
would require at least fifteen billion 
pounds (or J. 5 mfllion tons) of notash 
fertilizer^ to take iust . Qne_ nutrient 
example, every rpa^"- Tab 18) 3 lists 
annual nqtrielH requirements for 
potajhj ammoniai and^phosphata. The 
annual number of 60-fon hopper cars 
which woulcj be needed to deliver ail 
these fertilizers is 666,000 cars - or 
about eighteen trains per day discharge 
iiPIg their contents inttf our hypothet- 
ical super-plantation, ' ^ 

lOOO'Megawait Equivalent 

^Clearly, it would be impractical to try 
to, satisfy all oSc-lfenergy requifemefits 
tjirough^he useCof biomass. Short of 
that, however, thWjs great interest in 
the more limited goal of generating siz- 
able tmounts of. electncity byi^iburning 
bio*fuels. For ttHS reason^ it is instruc' 
tive to calcurate the resqi^ee require- 
^me'hts for fueling ' a 1 ,000'megawatt 
(MW) electric power ttatiqh, a huge 
facility but, nevertheless, th^, size that., 
is now favored by some utilities, A 
l,0g0-MW plant working at a load- 
capacity of 80 percent andean ttfff^ 
ciency of 33 percent requirajMbout 72 
trillion Bjp of fuel « very yiar.'''This ?s 
almost ex^tly 64^ percent fef the total 
'U.S. energy used each yearSTherefore, 
le ^^reiourte . requirement of a bio- 
liss',bi^iffg 1,M0-MW^ plant can *be 
detersrfined by^inultiplying all i}\e 
iigtr^i in the preceding tables by 
0.001. For t.exampl^^ 4,560 ^quare . 
mil^, an' ^^a almost the size of 
ConnectiQul, '*, -"H be required to p^o^ 
^ ■ ■ 
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vide tht? wool lumpy rate iorust bio mass 
tut'l. At ihy oihyr end ts! the sculc, 
abuuf 230 st|Uary miles would be' 
iK'cded tur hi1y4iKivyly grown and hur= 
vested sugyr eane. Water requirynients; 
assyniing 5 uery^hfyt per ayry per year 
hix ^ cany-poweryd ■^elyytriv plant, 
would be 740.000 uyru=lyi|t. or about 
74 rimes the aniount ot water used lor 
cooling during operation of thy gyn= 
eiating ^?lunt itself, AiHiual nutriynl re- 
iliureni^nts/ iLsing jiUg;|r eane. would 
be: 5,000 toii# of ui^Miia, 2W00 
lonb of phosphuty. und 7,500 ton^ of 
potash. 

It can by arguyd that the ji^ouryy 
req uire^nynt^ fur a' biofTiass^^tuelyd 
1.000-MW plajit yry jusf as unryason= 
iihly as are iliosu for supplying all our 
power; they would rihjuiry only one- 
thousaudth of thy resourges but would 
ryleasy only ony-lhousandth of the 
|i«wer. To produye 1,000 MW of elye- 
trieity "by biocouvyrsiotV for Vyrmont, 



Six pflfEvnt 9f the U.i, lind surface would 
b« rcquirad far iugar'^fii plinlilion^lf ^ 
^116 w«r« uied prevldi all of the energy 
needs far thi country. 



for exumpks it would be nyyessary to 
harvest thu annuuJ produytivily of 
roughly 4,500 st|uare Inilys of its for- 
ysts alniOHt half its total area, an 
obviously*inipossibly task. 

' Impact Oil the Soil 

An energy plantation, as^iisually yon- 
yeivyti, is simply an yxtensitin of inten- 
sivy agriifuilury with its reliunue oU 
pystiyidySi ygnibines, irrigation, and air- 
planes'. Thy Stanford Resyarch Institute 
Rypoft notes: "Thy objeytlyy of suyh a 
plantation would to jlroduye jthe 
gryalejit amount of hioniass possible 
pgr unit of time and spayy, at thy low- 
yst possibly yosti and witii a minimum 
of energy expenditury," Thy yonyept 
of th^-^biomaSS plantation ymbodiud in 
ihyse wdrds is but a distillation of the 
general goals of a tyyhhoyratiu soyiety 
as dysmbed by LfewisMumfofd: 

"Krom these tunerai postulates a 
series of subsidiary onus are dyrived: 
Thert; is only one ufficiynt speyd, 
fasfi'r: only one attraefivy dyslination, 
farther away\ only one dysirable size* 




bigger; only one rational quantitative 
goal, rhore. On th^se assumptions the 
object of human life, and therifore of 
the tnitte pfoduative meyhanism, is to 
remove limits, - to hasten tH^ pace of 
yhanget to smooth out seasonal 
rhythms, and ryduee regional yontrasts 
= in fine, to promote meehaniyai nOv= 
ylty and dystroy organie corUinuity."' 
Byyause the goals mf the energy 
plantation, like those of modern U.S= 
society itself, are to produce more and 

- to do so as fast and as yhyaply as pos- 
siblei it is not surprising that environ- 
nientai inipayts liavy been given rela= 
tively little attention. Hniphasi/ing' tlie 
yleanness of solar power and. guided by 
teyhnoyratic idyals^ those ryspoii^bly 
for biomass plantations ^'ouid yausy 
gradual . yyologiyal dainagy « of gryat 

' inagnitudy. One foj^ni this damage 
would taky,' unlyss great yare were 
fakyn to pre vent it, would be thy pro= 
gryssivy dytyrioration of soil quality 
under intensive cultivation. In ordinary 
agriculture the inydible parts of the 
crop are often rylurnyd to the soil in 
prder^ to maintain a supply of organic 
mattyr whiyh decays into humus. But 
in certain bioconvyrsion techniquys the 
yntiry yrop, sometimes even the roots, 
would be harvested and ultimately 
oxidi/ed by combustion. Organic 
matter returned to the soil (humus) 
has many functions: It is a source of 
nutrients for plants; if improves soil 
structure, drainage, and aeration; it in- 
creases the soil's water-holding anfl 
ion-oxchange yapayities; it enhances 
mineral weat hiring, thus releasing 
nutrients; and it serves as an energy 

^ source for the entire community of 
soil-dwelling ^bfganisnis.^ All of these 
funytions will falter if the consumption 
of hurnus outstrips its production, 
fhat thisiwouid oyyur is guaranteed by 
the necessity of harvesting as much 

' biomass as possible^ on the energy 
plantation. 

One of the major functions of 
hunius is that of supplying nitrogen to 
Rowing plants; in a natural state^^more 

9 than 80 percent of soil nitrogen is In 
humus, ^Experience has shown that 
^ continuous applications of inorganic 
nitrogen fertilizers cannot substitute 
for the natural reservy^Qf orga^iic nitro= 
gen in humus, if soil hunms gradually 
disappears, as it will under a poliyy of 

i no organiy return to thy soil, soil struy- 
ture will be iinpaired and oxygen dif= 
fusion through the soil will be re- 
tarded, As= a result of this oxygen 
depletion, plant roots will becomy luss^ 
efficient al absorbing soil nlLrogyn. 
llynye, incryasing doses of inorganic 
nitrogen fyrtili/er will be employed to 
maintiiin produytivily; With less nitrate 
fertilizer being absorbed, more will run 
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off the iind, ^uiing witir pollution 
and potantigi humin ii^iJth problf ms,^ 
-.During - com bust ion to ^gen«at§ 
poWef^ not only would ofpnic mailer 
* bf lost, but the nitropn in the woody 
tissues^would go up in siffokt, and the 
fumade ish would retain much of the 
phosphorous and pota^iuni. If re- 
turned to the soil, this 3^1 would be of 
some nutritive value; neverthele^, in 
sugar cane ash **tht proportions |of 
valuable nutrients I are not large, and 
the plant foods* owing to the pariiul 
fusion of the ash, are not readily avail- 
able to the crop,"'* 

The loss of nutrients and organic 
^ m^ter by gombustion ympha^es the 
infinite superiority of digesting bioniass 
rather than buifhing it. Digestion pro- 
dufts liqui4 or gaseous fuels and leaves 
a solid sludge containing most of thu 
original nutrients. The sludge, though 
awiciward to handle, is a rich fettilizer. 

Breaking, the Food Chain 

One of the most basiv natural prin= 
ciples is the transfer of energy along a 
food chain. Some fraction of the sun's 
energy^ captured by a forest, is har- 
vested by, say,, hcrbiyprous insects 
which in turn may be consumed by 
bj^ds, larger animals may then ptey on , 
the birds. Harvesting trees for lumber 
or fuel removes the resource base of all 
the animals and plants in the forest 
community. By replacing a prairie with 
cornfields or sugar cane plantations,^ 
the diverse biota dependent on prairie 
plants vanish. In short, by channeling a 
large fracUon of the primary produce 
tion of the earth to fulfill human 
needs, human beings destroy' the diver- 
^ty of the earth. 

As E. p. Odum has pointed out*'" 
the tendency in natural ecosystem' 
development is toward less prodiigiion 
per unit of biomasSp greater stability of ^ 
communities, and, in general, a more 
finely tuned organization. The ten- 
dency in agnculture, intensive forestry, 
or bioconversion is in the opposite 
direction - tq^rard maximum produc- 
tion through monocultures, with their 
well known susceptibility to disease*; a 
manifestation of instability. 

Summary 

In the foregoing analysis, we have cal- 
culated the minimal resource requiry= 
ments for growth of different plant 
communitie,s in two situations. In the 
first situation, the resulting hiomass 
w^uld supply all l/^. energy retjuirev. 
ments. in the second, the hiomass 
would be used to lucl a single * 
l,00ff-MW electric plint. Our analysis 
shows that to supply resources for the 



fint situatipn would be impossible: All 
the natural plant productivity of the 

' eniire*cbunlry, that is/ from all the 
pianfi GQ^v^ring the entire land surface, 
Wduid somehow have to he harvested 
each year; or, as an alt^native, at least 
6 perqeni of the \S^^: land surface 

' wo#ld have to be turneti into intensive 
energy^ plantatiofis, all tfeaturi^ng one 
type of plant. In addition, it would be 
infeasible to deliver miJliohs of acre- 
feet of irrigation water per year to the 
plantations. SimilarJy, supplying the 
required 666,000 rail cars of various 
fertilizers each year seems a far-fetched 
concept. 

As to natural processes, it may, seem 
unimaginable that the equivalent of 
half a mjllion boxcars of nutrients is^ 
normally processed by ^plants each year 
or that Mississippi-sized rivers of water 
pour into vegetation, but such is the 

* case. The proce^ goes unnoticed be= 
cause it is diffuse. Plants are every- 
where, capturing sunlight, pumping 
water and cycling Nnutrients. Natural 
growth may be slows, but it occurs 
everywhere and is mighty natural 
force in the world. ^ 

Jf biocon version is approached with 
an awareness of the natural resources 

. required by plants and the soil, water, 
and community resources dependent 
upon them, its praciiee need not be 
malignant. It is only through sound 

' husbandry practiced by tho^ who 
'reject the technocratic ideal of more, 
faster, and cheaper that bioconversion 
can become a useful, benign source of 
energy. 

Nevertheless, given bioconvcrsion's 
inevitably small contribution to energy 
production, would it not be wiser to 
do without the small amounts of 
' energy so produced and save the land 
from energy farming? For instance, if 
all automobiles in the country were 
fitted with manual transmission and 
radial tires, we would save over 2 per= 
cent of our current total energy use - 
a figure bioconversion would be hard 
pressed to match. - ' The same amount 
of energy could be produced by digest- 
ing farm wastes prior to returning 
them to the land.' ^ 

Natural resourgus, in their natural 
state, support a diverse and stable com- 
munity with all its attendant functions. 
Before we divert more of these re- 
sources to serve our own needs, we 
should he aware that the hfe-support- 
infe systeins provided by these re- 
sources can be destroyed. ^ □ 
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Photosynthetic Solar Energy: Rediscovering Bio^ass Fuels 



Firewood is stiU a Miliar fuel ih much 
of the United Slates, but somehow it 
does not come up in diseussions of na^ 
tional energy poliey very often. Yet 
wood was the primary U,S. fuel only a 
century ago and is still the main source 
of energy in most of the developi|g 
wofid. As recently as World Wai; A» 
Sweden, cut off from oil imports, derif ed 
virtually all its fuel from wood. Since the 
Arab, oil embargo there has been re- 
newed attention in many countries to the 
energy potential of diverse forms of bio- 
mass— wood, sugarcane, algae* and even 
material produced by artificial photo- 
synihetie processes. 

Wood and dry crop wastes have an en- 
ergy content of 14 to 18 million Btu per 
ton, comparable to that of Western 
coals. Raw biomass contains virtually np 
sulfur and little ash, however, and ex- 
cej)! for some difficulties in handling it is 

This is the fifth in a series of Research 
News articles exafftihing recent devei- 
opments in solar enerf y ^research, 

as easily burned or gasifled as coal. Other 
chemicai and biological conversion "tech- 
niques exist too, most notably fermen^^ 
lion of su^^^^€nd ^^n crops Jtb ethyl 
alcohol. Sid anaerobic digestion of wet 
biomass wastes to methane. Thus bio^ 
mass is potent jally a renewable source of 
a full range of storable liquid and gaseous 
fuels for which domestic sources of their 
fossil Qdunterparts are increasiagly in 
short supply. 

ttiomass is already the larges* source 
of sola^ energy in use In the United 
States. In recent years nearly half a mil- 
lion modem woodbufning stoves have 
been sold— an installed energy capacity 
that far ouistripl all bther direct and in^ 
direct solar energy' devices. The wood 
products industry how derfves an e^n 
larger amount, 40 percent of its total en- 
ergy needs, or about 1 quad (10^^ Btuf 
from burning bark and mill wi^es.tS^i^t 
era^ recent studies done for the" Energy 
Research and Development Administra- 
tion (ERDA) suggest that ajnriual produc- 
tion of biomass fuels colld conceivably 
reach 10 quads by the year 2000. 

Except for analytical studies, how- 
ever, thi federal enefgy research pro- 
pam has largery downplayed the biomass 
option. Tte ERDA biomass effort initially 
focused ori municipal wast^, a choice 
that is now generally conceded tOfihave 

diMracted attention from more signifi- 

----- -- 



eant 'posiibilities. The remaining efforf 
has concentrated on the long-range pros- 
pects for conversion of biomass to liquid 
and gaseous fuels and has been meagerly 
funded-^urrcntly $9.7 million com- 
pared to more than $300 million for coal- 
based synthetic fuels. Direct combustion 
of biomass and other near-term applica^ 
tions appear to have been neglected; 

State and, private* efforts have been 
more aggressive. The California Energy 
Resources Conservation and Devel- 
opment Commission (ERCDC) has re- 
vived a gas producer copied ■ directly 
from old Swedish designs. According to 
Robert Hodam of ERCDC, the gasifieris 
capable of converting nearly any kind of 
dr^agriculturiil pr wood wastes to low- 
Btu gas with an efficiency of 80 to 85 ur- 
gent. The gas can be burned in a boiler in 
place of oil or natural gas. Although ER- 
DA rejected a request to*^ co-fund a dem- 
onstration of the device on the grounds 
that it was n^ sufficiently novel, 
ERCDC went ahead. Attest unit at a Dia- 
mond-Sunsweet walnut factory near 
Stockton, CalifcHiiiE, has operated so 
successfully on walnut shells that the 
company has^&mpided to build a largen 
(130 million Btu per hour) gasifier to pro- 
vide all its energy needs. Based on bids 
alreacU'jg^eceived, the company expects 
the gas to cost about f\ per million Btu, 
less than half the cost of the natural gas it 
now burns. 

The demonstration has generated con- 
siderable interest in dozens of other 
companies with substantial biomass 
wastes and a major farm equipment man- 
ufacturer is planning to build and market 
them for farm applications. Hodam esti- 
mates that in California alone, where al- 
ready collected lumber and mill wastes 
exceed 5.5 million tons per year, the gas- 
ifier has an immediate potential for dis- 
placing 0. 1 quad of oil and natural gas. 

The overriding uncertainty about bio- 
masri^ergy is.the extent of the resources 
that are or could be available. Those that 
can be used immediately are small com- 
pared fo the 75 quads of energy now 
consumed by the United States every 
year, and biomass cultivation for energy 
on aMarge scale may pot be economic. 
Moreover, most agricultural scientists 
believe that energy uses of biomass must 
coexist with needs for food and fiber, so 
that very large areas of prime land may 
not be available exclusively for energy 
crops in the United States, although 
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they may be in other countries such as 
Brazil Science, 11 February, 1977, 
p, 564). Nonetheless, there is increasing 
optimism among biomass analysts that 
substantial amounts of energy could be 
available even in this country from 
wastes, and from field, tree, and aquatic 
crops. 

According to a study done for ERDA 
by the Stanford Research Institute, 277 
million tons of U,S. agricultuml residues 
are potentially collectable per year; an 
additional 26 ^million tons of manure 
could be collected from feedlots. Com 
stalks, husks, and cobs in particular are 
regarded as readily available in quan- 
tities that could produce as much as 1 
quad of energy in com belt states that 
now consume large quantitites of propane 
and liquefied petroleum gases (LPG) to 
fire crop dryers and other farm equip- 
ment. 

Sugarcane and sweet sorghum, as 
well as com itself, might prove to be 
good energy crops. A study by Battelle 
MemoriaJ institute concluded that there 
might a substantial near-term market 
for industrial alcohol (ethanol) fermented 
from these materials. About 300 million 
^lons a year of industrial alcohol are 
now made from ethylene, which in turn 
is made from natural gas or petroleum. 
Battelle's estimates are that biomass eth- 
anol from a full-scale plant could sell for 
$1 to $1.25 per gallon, compared to about 
SMS per gallon for ethanol from eth- 
ylene. According to Edward Lipinski of 
Battelle, the study di^ctor, further cost 
reductions in biomass ethanol ate pos- 
sible if the processing equipment could 
be operated year-round ^nd not just dur- 
ing the sugarcane harvest; for example, 
a mill could stockpile molasses, a sugar 
by-produCt, and ferment it when the 
cane harvest was over, or use sweet sor- 
ghum, a high-yield tropical grass that can 
be grown as a second crop in sugarcane 
areas. There is also growing interest in 
the idea that ^ a second, energy-related 
market could help stabilize U.S. sugar 
and grain prices in years of plenty— a 
concept that has worked well in Brazil. 

Some investigators have proposed that 
biomass ethanol can already be made^ 
cheaply enough to compete with gasoline 
as a motor fuel in some parts of the 
United States. Large commercial facili= 
ties to produce ethanol for blending with 
gasoline are under consideration in Ne= 
braska, where there is an exc^s of 
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spoiled or poorKiUality corn, and in 
Hawaij, whtre fuel pricts ar^^high and 
sugarcane is abundant. 

Forest wastes in the United Statt?» are 
nearly as large m those from agriculture. 
They total about 24 million tons per year 
, in unused mill wastes and 83 million tons 
left on the ^ound in the fore Its with cur- 
rent harvesting methotfs, aQcqfding to a 
rtcent feport by the Mitre Cofporation. 
This report concludes that much as 
4.5 quads of energy per yelir would be 
produced on just 10 percent ol junv-idle 
forest and pasture land with wo,tvJ yrown 
' in closc-spacgd, shorUrotutuiii treu 
' farms Using poplars, eucalyptus, ur other 
high-yield species. 

The forest product** industry does not 
ye! think of itself as 4 potential energy 
producer and some industry, spokesmen 
are skeplicaj that bioniass in the quantity 
proposed in the Mitre report can be pro- 
duced without cutting Into the I ifftber 
and paper markets. But a feasibility 
study done by the Forest Products Labo^ 
ratory in Madjson^^ Wisconsin, ^points out 
that the Swedish fbrpi industry ^s jsd- 
ready producing 6^ percept of its own 
energy needs and conclutJes that the 
U.S. forest industry coulrf corne close to 
being self-sufficient in energy by; 1990 us- 
ing wastes alone— a developtnent that 
would expand present production from I 
to almost 3 quads of biomasSi energy. 

Experiments by Claud BroVn at the 
University of Georgia forestry sch^I 
show thai sycamore planted in ro^s 'and 
harvested at 5 years of age yield 10 to 16 
tons of biomass per acre per year, three 
times the yield of iradiiional long=fota- 
lion silviculture. The younger irees^ 
prove easier to harvest with mechanical 
equipment and are \f suitable quality foj ' 
either energy or pulp^i^duciion. Bro,wn 
also points out that the CT^edirtg and ge- 
netic manipulation techniqi^^i^^ich le^ r 
to modern high-yield grains, are only jg$t 
beginning to be applied to forestry, so 
that substantial improvements, perhaps 
more than a duiibling in yield: can be'ex= 
pected. Other investigators pojnt to a 
huge unused reserve of wood-|=^xceed- 
ing 10 quads--rthat is coataiAed in stag- 
'nant stands of ngncommerfeial species or 
diseased trees; if l^arvested ; tHis biomass 
could 4ave a miyor near?term loc-^l im^ 
pact on^cn^rgy supplier in N^*t|Bnilkri^ 
or the Great. L^es regicw^v^-^^^ 

A t4iird fi^jer category ''bC ^iiential 
biomass resources ; is ^acjuatic plants. 
Will iajTi Oswald of the University of Cal- 
ifpmm at Be|keley ha^ ^yt)posed growing 
biue-^ref ml^e on-|tfw^^ wAstes iind 



protein and may lend themselves to the 
joint produyiioiiof energy and lood. Wa. 
ter hyacim_h, a rapidly growing plant that 
now Ags many inland waterways, has 
also been proposed as a potential feed- 
stock for methane produciion. 

An even more ambitious proposal, by 
Howard VVilcox of the Naval Undersea 
.Center in La Jolla, Califbrnia, is to grow* 
huge rafts of kelp in the open ocean as 
souites of methane, animal feeds, and 
ohemlcals, To feed the kelp, nutrient- 
^^^iaffer woukj'be pumped up from the 
lowjf levels^of the occ4in. The proposal 
liasptiracied th^ interest bf the gas pipe- 

industry^ which js helping' fund pre- < 
liminary research. The projeci may face' 
environmental objections, howe^^er, be-, 
cause deep-oeeaii water is also rich.nn 



H|u. a target that many invistigators be= 
lieve mn also be met with biomass sys- 
tems, capable of large energy yields. 

bne aspect of the KRDA prugrani, for 
synthetic fuels from bipmass that ^con- 
cerns many biomnss specialists is, pani- 
doxically, its fociis solely on energy, 
They point out that in the United States 
biomass production is so embedded in ' 
the food and fiber industrjies as to make, 
multiple use of biomass resources iht 
most economical approach. Lipinski, for 
example, points td the potential of using 
com as a feedstock for alcohol produc- 
tion,* corn husks and stalks as rtber for 
paper prrfdu^tion or fuel for grain drying, 
and the' proteih-ricft stillage left over 
frp^ alcohoJ fermentaiion as an animal 
!eed*=ajl ot which are ^ready being pur- 



cartoon dioxide, so Ihqt the artifigial up- | sued s^arafel^.^here is^ yet noexpe^ 

riAice wli^ any no landing" for inregrated 
procelling facijiyes-^biomass refin- 
eries — and tan« tHt ics doubt that ER- 
DA or |ts^ fljccessor, the new Depart^ 
men I of Ene rgy ( bO E) ,1% *mptrr u t iphaiiy 
cspaj^le of ^uch an integf^tediapproachv 
Tfi^y note that DOE does npt ha^e a net- 
'work of fleW stations capable of tejt ing 
and tailoring niuyiple-use bidmassTfiroc^ 
dpes ta meet the various ne/lds, of farm^ 
ers and foresters in different regions and 
ihaj. ihe Department or Agriculture, 
which doesli^ve sueh»a he^wprkv has ho 
charte^in the; energy field. 

One npvel idea for a biomass refines^ 
is ihat.F^ipOsed by Michael J, AntaJ, Jnw 
of Princi|dn Ui^^ersity. He su^estr 
producingshydrogen from drganic wasted 
[ant generated by solar helt eon- 
on gyboiler. According .t^fiis 
ins, siSn a^refinery migh^prlic- 
crop residues gathered ,^|f^onf^. a ' 
teshed" of 70 square m|l6sj about - 
ons per day; the hyd/i^^h that re^ 
would have ari Energy CDnient 36 
ni greater ihar|that ^r^ha raw bio- 
jSnd cost less t ha nf hydrogen m^e 
natural gas. Th|'ertciericy o^hie 
d solar-themal and blomasS' 
-ocess is estimat^ to be higher than ,70 
cent, in part bgeaase steam reifotmlng . 
makes use of^^'miSisiure coniained in- 
mcSt biomas^Jpferjhan using a pbrtiori 



?has ^talrieii yieWs of |^^(^32 tons of djj^ 
H|bionaasj|^r we ^^^tar^ Algae 4re 
♦■readily 
' bic 
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welling 'wou|d by 'orie csnmate release 
three lim^s as much carbon dioxide to 
the atmosphere per unit of ene^y gained 
as wodld the burning of a cbmparable 
amount of coal, or oil. - \ 

' An alternative approach' to biomass 
energy is to try. to improve on the effl- 
ciency of plants as phoiopyrithfeiic S9far 
ene^y collector. The hi^est sustained 
yields repotted for any plant apprdacti ^ 
tons per apre per year for sugarca^e^ 
which J^elvin C$dnh of the tjniversiiy df 
Califomia at BerMel^ describei as '*t'he 
best, most efficiehj( sola^ energy^^d&vice 
we have t^ay on a lar|e scales " Quanta 
of visible light converted photpsyntheti- 
caJly to, chemical bonds represent. Ja to 
90 kilocalories per mole .of ciptured^^i^ 
ergy, Wherdas the ^same quanta © ' 
as heal at TOO^CTepresenis o^ly 
"kcaJ/mole, But only about 4 pe 
;the light reacHing the cane js used ins 
' t&ynthesis. To overcome ihi| 
dilyin is working on the co 
m a^iflciaJ membmne system 
prodtici hydrogen from water 
latiniilhe photosynthetic.protes 
lieve| tfiat efficiencies as high 
oenl ihould be ultimately' aitai 
that, artificial phoiosyniheiictm 
mayj be^achievei^le within 15 y 
* DBs*piie innpvatfve ideas and 
feasibilityi for ri^ide range of pro. 
the economics dfemost bioma^ eri^,.^^ 
system^ are still%^ertain. Relative^ 
few experimental ^^is, or fleili tpfks 
have been conducted, ^peciaHy i^ti 
crops grown for energy productidrf. and 
most cost estimates are bas|d on analyti- 
cld studies or dre^trapolatA from oui- 
m^ed equipment. These prelirSnary es- 
Jjm^tes a^e encouraging* howev^, and 
the comf^Uiiyeness of bipmass Juels 
seems certiun tonncrease as supplies of 
oil iind gas^ dwindle and costs rise. Syn- 
theiig fu^ls^rrpm coal now appear likely 
to post between $4 and $5 p^r million , 

"r=68 ■ 7;j ^ 




I obvfoos and ubi- 
iejjy potent iM 

J^fTQ appe^0^^ ' 
m^y of them may*' 




of thf enefg 

Biomass 
quitous res 
has been lari 
for how ip tap 
ing at a.l^apid rate an 

be aay^able in the near term. Before 
thej^^j^ ^ies i^ faced with the neces^ 
silf/dA^n{Aii,tiing hundreds of billions of 
dollam*'iQ/& fossil-based synthetic fuel ^ 
industry,, i|,^' would be advantageous tdw^ 
explore^^uch more thoroughly whether 
!ibiomassTuels can also play a major role. 

-=Allen L. Hammond 




ADVENTURES IN ALTERNATE gNtRGY 

A montWy sampling of projects PS*rea0ers hove v 
devised to conserve or replace fos^ fuels 
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water 

can build 




By EDWARD MORAN 

f*^^€ PSrmderB, in widefy naatteredy 
s^thns of the countfy^ JBhare their 
BIY expertise in thi$ article, t)ax 
incenfkfiw and enli§ht€hed buildrng ■ 
codes are finally heginnihg ^ati^ 
up with (hs know-how. J f you dot^l 

cfi^th^BfmU, i^^em on 1^:^ 
For more Dl^ Mp^, see page 142, 

r^^r^in^^fi justfijOTiH my no 
wton- it com^ to homegrowi;!' fen- 
^1^, \^en we f^tured his fire- 
f- place ^ieatter^ in ^is . series . [PS, 
^^^uly -^ftj/wfe iWererft aware thai 
y&f^d met with an^vid ,praf ts- 
map ytHo Ji *'tiining nfe ranch on 
a ^drthem' California hil^op into 
fs a vert table altemat&f jner^ lab, 
OV^Ir tli^ months j^#e've b^n:^pd 
dwer^.pf photos (Herrlhgton-^y a 
^ 4 -l A Continued 



1^H@r^*s a vdimansioned drawlag 




4'|lUmb^ and ipeclng of V grooves 
r'vfilypiin bi vrtfrlid (comparfi drawing and 
'%'Mbto). fhowm: 4 by-8-by-1 !4'' bead^ 
* fourd ^•fs» 11 tubas of BOb^^W 




copper: 16 sets of copper return bends 
gT^d ooupHngi, and plywdbd/>(aptional). 
Also needed: a 78 by-43-ln. sheet of 24- 
giuge gdlvani^ed metal. ^ and fiberglass 
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2 To fomi a triy for the piping, glue 
beadboard strips to fiat beadboard 
panel, driving In V*" wood dowel to hold 
surfaces together firmly, 

) 



3 AfMr mi^m vm^m, glus an Ineh of 
fi&«f9tett Ii»yiitf9n into plaoa with 
bufyi^rubNr eem«nt from adheilvt 
cetilklnt tub** Pipo grid goos en top. 



4PlpM •rnoldvrsd Into V proovei 
_ In shoet-m«ur Plata, if the coppar 
ratum bandi are unavillabltp uaa straat 
alls and eoupltnga, as hare. 




Stollgr ygralon usad strips of V- 
groavad metal held togethar with 
ihaat metal acraws. You may find this 
taslar to keep flat while spidering. 

Qqndensatlgn c«n % fpg single-glazed 
unit raduolng insolation. Htrrlngton 
recommends spraythg covar with moli- 
tura retardant/ such as Sun Clear. In 
photos at right, paper maik ihows ef- 
fectivanesa: treated area stayi slaar on 
dewy morning, next day. Hect^M^ 
efuingar tank (bottdm) holds 80 gsMona.^ 
Copper tubing brings solar heated water ' 
td heat tap water inside. Majlett-bend 
tubing arouhd tank, oovar with Thern^dn 
oament, foil* 4'' foil-baQked fiberglass, 
then brlok up In basement (right) to ra- 
ta^ heat> I Photo shows incomplete Inv 
siiilistlon^ bricks are later boxed In J 



6 Use ■ Q mlmmp to hold strips in 
place while screwing them togethar. 
Continuous beads of soldar are run down 
both sides of eaich plptt. ' 



7 Soot the piping aasembly In the 
beadboard boK. Painf .flat black, then 
attach glailng In plywood Iramar bolts 
along edges hold It togethtr. ^ 




Dlo^ram ihows pOislble setup, linking 
thrflfl 4«by^8 iolar panels Into a conven- 
tiphai hot-water syatenl for. bickup. 
Check valves permit solar callectors to 
be bypasied at night or on cloudy, days/ 
when you'd draw on stored water. Pres- 
sure-relief valve Is necessary to prevent 
damage In case of steam buildup. For 
most American climates, heat-eKchange 
system*^ recommended. 



] 



topnotch industrial photographer) 
of solar pool heateri, solar gr^n- 
houses, solar water heaters, stor- 
age tanks, piping, heat exchangerB 
—each device canefully built and 
. tested by this do-it-yourselfer. 

We asked Herrington to show 
us plans for an inexpensive, e^y- 
to-build coljector that a typical 
homeowner coulct put together with 
a few tools and a little spare time. 
Materials for the collector shown 
in photo Is cost exactly $160.73, 
wholesale; assembly takes a few ; 
hours. 

This model is by no means Her- 
rington's first version; and we're 
^sure it won't be his last; he sees 
solar research as an evolving pro- 
cess, and is always making innova- 
tionB> His first 4-by=8 collector, 
built last year, was little more than 
a plywood box .with a flat metal 
plate to which copper tubing had" 
been soldered. Later* he added fil- 
lets of heat-transj^r ^pehient to im- 
prove per formancbr Then he came 
up with the idea that*s the basis 
for the collector described here: In- 
stead of merely soldering pipes to^ 
a flat plate, he reasoned, why not " 
first nestle them in V-shaped 
grooves? 

At first, he used individual strips ' 
of metal, crimped V"s down the 
center, then screwed th6m together 
(photos 5 and 6), A much simpler 
method is shown in photo 4: You 
can ask a sheet-metal shop to 
punch out a 24-gauge sheet to the 
specs given in our drawing. 

The original plywood box has 
given way to one made from steam- 
expanded polystyrene ( beadboard ) , 
which costs about $10 for a 4-by- 



S-by-lVg" panel. (Herrington, also 
recommends Celotex*s Technlfoam, 
slightly more ex^nsive, but more 
durable.) Edging for the box is a 
lyj-'-wide strip^>cut from another 
l^adboard paneK) glued around the 
perimeter ( see photo 2 ) . An inch 
of fiberglass insulation (photo 3), 
avoids any danger of thg beadt^ 
board melting due to the heat ofL. 
the pii^s. 

The 4^by-8 size was cho.sen to 
take advantage of standard mate- 
rials sizes. Copper pipe comes in 
20' lengths, which can easily be 
cut to three 80" lengths. With re^ 
turn^,^ bends or street ells added 
(pTTotos 4 and 5), the piping as- 
sembly should just snug into the 
beadtoard box (photo 7). Before 
inserting, th^gh, clean all 'surfaces 
thoroughly with soap and water, 
then cover, with a flat black paint. 

Herrington, doesn't think double- 
gla'^ing is, necessary in his climate; 
it would prevent convectivc? heat 
loss more effect ively in colder areas. 
He single-glazes with K^il-lite pre- 
mium fiberglass c6ver ( .025'' thick) , 
bolting it in a frame of plywood 
strips and sealing it with butyl- 
rubber siiicone. 

From Qolleetor to system 

The diagram is Herrington's pro- 
posal of how a three-panel system 
might be hooked up to provide hot 
water for a typical household. Pan- 
els can easily be placed on a' south- 
facing roof; or J if you have the 
space— as Herrington does —mount 
them on the ground or on a fence. 

" "Summer heating of hot water in 
my climate is simple," he tells us; 
**a 32=sq.-ft. collector should sup- 



ply all my needs/ Winter is a dif- 
ferent matter; I need at least 90 
to 1€0 sq. ft of collector.'' 
, Herrington uses the heat-ekqhang- 
er loop to insure a more constant 
supply of water on cloudy dayH 
and at night. Also, since he uses 
a water conditioner to prevent rust 
and foam' (Rust Raider Heating 
System Conditioner), he must 
keep his tap water separate from 
the water that is pumped through 
the system. 

Rerformanoe , i 

In winter, the preheated water 
may leave the heat exchanger at 
95®; on a sunny sumrner day, it 
might be as high as 130-. Space 
doesn't permit us to detail all the 
careful monitoring Ken Herring= 
ton has made on his system. He 
would rather err on the side of cau- 
tion, so intent is he on not making 
any unwarranted claims. 

.Some figures he sent us for the 
middle of February are inHtructivc. 
During a week in which daytime 
temperatures ranged froin 50^ to 
BP, he reports tank temperatures 
rose by 40° to 50° each day, when 
the solar system was working 
(from 80^ to 121° the first day; 
from 100^ to 150^ the next) This 
works out to a mean of about 180 
Btu per hour per square foot of 
collector. 

Further performance data are in- 
cluded in a data packet Herrington 
is offering for those who want more 
information. Send $5 to Ken Her- 
rington^ 769 22nd St., Oakland, 
CVaiif. 94612, If you want to ask a 
specific question (free), include a 
stamped^eturn envelope. 



J. D^n Field, rooftop 'trickle' collector 



Not to be outdone by Ken Her- 
ginton*s elaborate system, a Roan- 
oke, Va., c^xperimenter, wdyking in- 
depender|tly from previous PS ar- 
ticles, has also been checking out 
solar water heating. 

Photo and diagrams illusl^ate the 
42-sq.-ft. aluminum collectors that 
Field installed on his due-south- 
facing roof more than a year ago. 
It"s a trickle collector: Water flows 
directly over a corrugated-alumi- 
num surface backed by a slab of 
insulation - turn page for assembly 
Hketch. c At press time, Field re- 
ports some success with a new cop- 
per-tube collector he built recently, ) 

Materials for the aluminum unit 
coat Field about $300. He reports 
average monthly saving.^pri $7^ ( 150 
to 165 kw shaved off his power 



bills) , so payback tinie is a^ut 
four years. 

As with Herrington's system, this 
setup needs a heat exchanger: If 
an aluminum collector is used, it's 
a good idea to mix in water inhibi- 
tors to prevent corrosion. Field re- 
tains his electric water heater as a 
backup. 

Collector assembly 

Field chose aluminum over cop- 
per for its^ lower price, and^a 3'- 
by-16' collector size for the con- 
^venience of using standard-cut lum- 
ber, A basic box is flrr»t made by 
nailing 2-by-4"s to a sheet of 4-by- 
8by-i/j" plywood .Next, add a 
1 yg'-^thick layer of insulation. Ini- 
tially, Field used Styrofoam, but 
^ * Coniinued 
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* now^ recomtnerids using fiberglass. 
Atop the insulation goes one 
sheet of temper-rib aluminum roof- 
ing pfl^ted flat blagk. A collector 
pan at the lower end leads to a 
%** PVC drain line. The entire 
collector is ^ coyer^ with double- 
strength window glass. 

^ . ; A y^r ago April, Field was ready 
'to test the collector, using a tepi- 
pojary five-gallon tank. On a day 
when' amfiieht temperature was 
42*F,. he was able to heat the five 
gallons from 55^ to 120^ in 90 
minutes. ^ 

Probleme beclouded him, though. 
^Condtiisation^ blotted out sunlight* 
and the- aluminum surface became 
discolored by water passing over 



it Field solved both problems by 
pop^rivetillig another eheet of black 
aluminum over the existing one and 
runijing water between them. 

What good is that sun-warmed 
water if you don't have it at night, 
or on a rainy dayt Insulated stor- 
age' is the answer, Field^made a 
IW-gallon tank from two sheets of 
4-by^8-by-V4" plywood, coated the' 
inside with fiberglass, then wrapped 
topi bottom, and four sides with two 
inches of Styrofoam, Later, he de- 
cided to add six-mil polyethylene 
up to the water line inside to pre-^ 
vent leaks. For a heat exchanger, 
tap water is run through colls of 
copper pipe submerged in the 
tank; this preheatc'd water then- 



Snell. clrculating-dlr collector 




If ytour roof isn't oriented to take full 
advintage of the Aun, don*t despair. This 
Nebraska DIY'er built a freestanding unit 
In hfs backyard and Mnked it to his home 
plunf^blng with underground piping. 

This project Is unique in several wiysf 
Air. not water, is used as the heat^trans^ 
fer medium; the 48 sq.=ft..collector suf= 
face is nniade of 6pO aluminum beer cans 
stacked in a wood A-frime. structure; 
beneath It, a 180=cu)-ft- underground 
Storage pit acts as a;*heat trap" for the 
heated water; 

iGonomics, Snell figures he saves 
about 300 kwh per month (rr^re In sum- 
mer), for an average monthly electric- 
bill reduction of about Si to SI 2. Total 
material costs, excluding labor, came to 
13 per square foot (about $150), so Snell 
expects to be home free in less than two 
years. 

Cdnstruatlon. The pit Is 4' wide, 9' 
long, and 5' deep. Its walls are of hollow- 
core clay tiles (4" by-S"-by^12") lined 
with Styrofoam Insylation, An iO-gallon 
galvanrrBd steel tank is buried under five 
cubic yards oi fist size rocks. As water 
leaves the tank, It passes through a 40* 
heat-absorption coll bifore entering the 
50-gallon electric hot water heater In 
Snelrg basement. 

Above ground/ the collectof housing 
is made of 2-by-4 framing lumber and 
Va" ekterior plywood sheathing, Snell 
emptied all the aluminum cans, paint- 
ed thenf flat black sunside, and white 
bottomside, then stacked them In rows 
With air ehanneli In between. The hous- 
ing is doubie^glazed with two 24"=by '24" , 




panels of common window glass, with 
air sepafation for each section. The 
collector is oriented due south at 35* 
from vertical, the proper angle for his 
latitude. 

A Ve hp, 1725-rpm split-phase fan 
circulates heated air through the rock 
pit; it turns a direct-drive six- inch 
squirrel-cage blower with suction and 
exhaust ducts. 

Perfopmance. Snell is quite satisfied 
with output. "High temperatures con- 
tinue to be In the 12i^-13S- 'range, de- 
pending on quality andrquantity of sun- 
shine," he reports. But after one 10-day 
sunless period In December, the*Btorage 
temperature dropped to i5% the same as 
the input water. 

For specific questions, send a stamped 
return envelope to John R. Snelf. .Route 
1, Gretna, Neb. 68028. 
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electric heater, nmrby. 
fim vari^ with season, 
Septennber and Octo- 
□rded average tenk 
127^ on all-sunny 
in early December, 
February, with^^e 
llector added ( which 
iginal Blze), late-af- 
: temp^ratufes generally 
ranged from. 90'^ to 130', with a 
peak of 142« on Feb. 27 (ambient 
temperature, 70^), Field's electric 
heater was not used at all from 
Feb, 10 29. 

For specific qu^tlon, send a 
stamped, return envelope to J. Don 
FieJ^, 4601=A Renfro Blvd., NW, 
Roanoke Va. 24017. 



Ron Hannivlgi rooftop 




What started as a do-lt-yourielf project 
two years ago has ifnao blosiomed Into 
a fulhtlme solar distrlbutorphip for Ron 
Hannlvlg (turn page to next*artlcle). The 
tank/collector module described here Is 
the original homemade version that any- 
body can try. 

Tank and collector are eicposed on the 
roof, so It's a natch for Hannlvlg's 
Florida climate, (For colder locations, 
use the heat=exchanger systems, such as. 
Herrington's or Field's,) 

This system works on the tf}ermosl= 
phon prineiple, thus eliminating the need 
for a circulating pump: As water in the 
collector is heated, it expands, rises, and 
passes into the storage tank/ Denser cold 
water then fills the collector, and the 
cycle continues as long as the sun keeps 
shining. 

fsiote that the photo shows two 40'oal- 
Ion tanks; one standing and one lying. 
Local building codes made this setup 
more practical, though the drawing 
shows a single vertical tank;^which can 
be a full 80 gallons* or as big as the' | 
system can handle. ^ 

Eaonoitiics. Cost of njaterials for the 
collector approximated S250, and the 
tinks were purchased off-the shelf for 
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Witfr puifiped up t@ rooftop coiteetof {left) trigkles dnwn 
between two iheete of corrugated aluminum > Diagram 'abovji 
shgwa heat exchanger and tle^ln with backup heater. 



tank collector 
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$150, Eitimated pay^back time is about 
three years/Hannivig repgrts that during 
the balrny Fiorida summer, his system 
can provide up to 9i percent of his 
family's hot-water requirements: In wln^ 
ter, up to 65 perceht, 

Construotion. The wood-frame col- 
lector covers 64 sq, ft. (two 4'-by-8' 
panefs) insulated vyith lya^'.of ureihane. 
Three-quarter-inch, copper tubing (see 
diagram) is T-connected and mounted 
on top of the urethane. In the device 
showr). ,sand was packed around the 
plpei for heat transfer (see detail) and 
sprayed with a stucco binding agent. 
Assembly was then paintid flat black. 
Finally, Vi'^f- float glass was sllrcone- 
bonded to the sides of the frame for an 
■'effectivn weather-tight glSzlng.'' Pres- 
sure^refi^^alve Is a must. 

Perf|0^anoe4 Hannivlg set hit' con- 
ctric heater to klc^ Iti at 
ds solar-heated water gen-, 
at \ 36--140* durihg the 



ventloi 
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day, \ 
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Ific question, Jend a 
velope to Ron HaTini- 
g. '2j2S Key^rgo La;, Fort Lauder- 
lie, mm. 3331 iiip 



Peter West, thr0ugh--the-wall collector 




THERMOMETER 



Why allow fuel faltii to dimpfn your va- 
cation? This ''summer" hfater is the 
leapt compticated of the five presented 
here. Specifically^ It's designed to sup- 
plement an existing etectrlc hot^water 
system from March through November 
at a vacation _ home on the Dejaware 
coastline, where the mean annual sun- 
shine totals about 2600 hours. Copper 
was chosen t<$ offset the effects of salt- 
Uden air. The system Is not freeze-proof, 
lacking a heat exchanger, 

Ofice again, the thermosiphon prin- 
ciple is the key (see Ron Hannivig's proj- 
ect, at left), A 4^by-8' collector panel * 
preheats water that's siphoned to 3'30- 
gallon storage., tank ceiiing-mounted in- 
doors, several feet above the cpMector, 

Economies, West invested V about 
$200 in materials. His heating figures In- 
dicate a gain of 13,000 to 18,000 Stu 
per day, for a total savings of $40 from 
May through October, Break-even time: 
about four to five years, 

Construotion, For the collector panel. 
West used two copper headers antd 
T-soldefed them at six-Inch intervals to 
sixteen Yz^ vertical copper risers. For 
faster water flow, the risers were de- , 
signed to. run the four-foot width. Pres- 
sure-test this piping before proceeding, 
as West did. < ^ 

Next, solder 6"=wide copper flashing 
strips to the back of each risir, ^sing 60- 
. §0 lead/tin solder with a good flux, i-teat 
three to six inches at a tlm^, and apply 
pressure^with a wood block as the solder 
cools. Clean the panel and paint it flat 




black. Finally, mount the piping in a 4'- ^ 
by-8' box made of |4" exterior plywood 
to which you have added 1'bV-4 sidesL , 
Paint the box and line the bottom and ; 
sides with one inch of urethane-foam ih-> 
sulation, A 30-gallon galvanized water f 
tank was ceiling mounted, wrapped In 
four inches of fiberglass insulation^ and 
boxed with plywood, 

Performanca, in a weak-long evalua- 
tiori In mid-July, when water demands, 
were greatest. West reports that the 
system peaked at 115' in mid-afternoon 
(original water-in temperature was 70' h 
and stayed at 95- through* 7 p,m, even 
with demands from washing machine, 
dishwasher, and showers, ^ 

For specific questions, send a stamped 
return envelope to Peter West. 12901 
Melville Lane, Fairfax, Va. 22030, ' 
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ADVENTURES IN ALTERNATE i NERGY 

A monthly sampllno.pf projects PS readers have 
. deylsed to conserve or replace fosslj fuels 



John Des CheheSi 
Corrugated-plate v , 

window cof^dbr 
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DIf tribuirdn-^s doublei a& plant shelf, 
doesn't bl@ak view. Linda Dis ^henti.. 
sided proji€t ^;^^carefully monitoring 
temperaturti eVerV half hour. 

i ' • - = 

By 60WARD fWlORAN ' 

Motiv^te4jby a ^^mmitment to ap- 
PFopriate technedogy. New Hamp- 
shiritfi, John Dag Chenee deaipi^ 
this f0Uf-by-iMoot^¥piddw collfc^ 
tor to achieve direct heating tho 
■ storage) of hie living room. He's 
* built more ^phi^ti^tal colleclbrs, 
but feel^ this ty^ ran generaie 
quick payback for the typical 
handy^i^n dishearten^ but^ not 
disarmed by rising energy cc^ts. 

Built for just $75 in materials 
.(that's $1,17 f square foot), the 
aystam should pay for itself in IVi 
heating ^seasons, even m northern 
^ New England* where 7000+ anniml 
, degr^ days do not come cheaply. 
*-0n sunny days/' iays Chtnes, 
an engineer with a graduate degree 
in the field ^d techni^l director 
at a paper firm, *^the living room 
is kept at 70^-78** P from approx- 
imately 9 a,m. to 4 p,m, by the 
collector alone." 

CoQslrUcilpn details 

» To form thf basic box structure^ 
Pm Chenes 'glued aiid nailei 2x4 
spruci strips to the ' perimeter of 
fevo 4x8^heets of exterior-grade 
plywood. He Jheri attached * 1x4 
rib tp the^ center line (see smay 

"Continued - 



Warn^.alr enters living fobm thr'Qugh 
planum box that snugs under window, 
which Ig weather-itripbed at all centaet 
points. Cool air nearffesr Is sucked into 
plenum by two 14-witt computef'typ© 
whisper fans; heatsd sir 4hen enteri liv^ 
Ing room through chambeV at left Ifgd 
arrowj, Thermal iwlteh'^q/eturn plcnuni 
/^actuates fan when temperatufi of air In 
CoMietor feaphgt 80 degrees. Fins shut 
off autornatlcaliy In late afterhoori or 
dufing aloud eever. 
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photo nfar congtrucUon sketch) to 
act as an airflow baffle and * a sup- 
port for the double^ giving. He ' 
glued polyityrene lipul^t^on to 
the sh^thing on the iy^ide and 
topped it with re4^|ive jpll for 
added inaulation (toV^ftfect infra- 
red back td the absorber^' plate) . 

Chen0^|had acce^ to 24-by- 
36-in, 9-mir aluminuni offset print- 
ing plates that had been discartied' 
by a Io<^l newepaper; he made his 
absorber pltfte by corrugating the 
plates, bending them over the 
straightedge of his workbench into 
V grooves, , ( Similar corrugated 
plates.can be purchased, of course, 
if you want Ho avoid the tedious 
bending j He then paint#d them 
fl^t blaqk ^ topside and suspended 
them over the foil-lined insulation. 
The V configuration triples surface 
area— grooves are IV2" deep-rand 
makes for a §tiffer surface* ^ Also, 
the corrugations offset the draw- 
backs of a vertical-iAounted collec- 
tori.At certaifi sun angleSi energS^ 
will not be reflected : back out as 
with a flat-plate colleetqr, but will 
strike an adjacent surface, **con- 
centrating" the sujilight, 

Des Chenes opted for two layers 
mt plastic^ glazing (lighter and less 
expensive than glass) * 4-niil Watps 
Flexoglas on the irtside and 8-mil 
Clopane (polished vinyl) on the 
outside* attached with PVC duei' 
tape and furring strips, **TTiese ma- 
terials have been entirely satisfac- 
tory to date; no cloud i|i^^,^^^tflg, 
oi; excessive stretchin^h^^^^^^^^-^n 
notiSSd. A service : lijtopli^^ifDi> to 
three years appears i^e^idfl^ijl^: to 
Pontes Tedlar a^mit; wi&ld^i^i^ 
longer service life for a^higher ini- 
tial cost," he reports. See the draw- , 
ing for details; note the one-inch 
dead-air sp^ce between the glaz= 
ings. 

By making use of ^ solar heat 
gain as it's- p rod uced, without in- 
termediate storages this collector 
gains^ in efficiency over those that 
produce temperatures that are 
much higher^^but too high for hu- 
man comfort, Des Chenes is plan- 
nings however^ to add spme form 
of low- temperature subfloor heat 
storage td exte^ heating into the 
evening hours; " / 

Special effects , . < 

Some unexpected paybacks en- 
hanced performance , during the 
first heating season. Relative hu- 
midity was one. After several sue- 



'^^^e sunny days, indoor humid^*^ 
ity incr^s^, since moisture from 
showers, coking, and laundry was 
^Niot teing sucked into the basement 
and up thif chimney much as be- 
fore; Cold drafte i^to ttie living 
rrom n^rly vanished. And the oil 
furna^ did not kick in so oft^n, 
since tht dowiistai^ thennc^tet Was 
Iwated in the living room. Of 
course, the Idtcheh and dining room' 
became cooler, but only to 6M5 
dep-e^, At nighj, foam-backed in* 
sulating drap(^ are dra%n to pre- 
vent heat loss. As a .result: Des 
Chenes claims his actual mvu%s ip 
dll to be **mueh greater than strict- 
ly the oil/Btu equivalent of the 
collector gain," Calculations of de- 
grfee days and oil consumption in- ^ 
dicate a savings of about three 
time^ the Btu that tiie solar ^nel 
collects. Last s^son this translated 
into a net-teving of $68 j6. (Elec- 
tricity to operate the '^fans c^ts 
about '$1.^ a y^O * 

Satlsfaotory perf ormanoo 

A ll "tHings * ^eonBid»©d J * 'per- 
" forriiaAce has been more than ade-, 
quftte for the. intended job despite 
sonSe adverse cpnditioiik^" he ^ys. 
These conditions included high, 
winds, m unfavomble . counting 
■Euigle, and an earjy hour for majd- 
mum insolation (10; 40 a,riij. 

During the winter, the systeni 
operate Ifrom about 7:30 a.tn. 
through 3:30 p,m, Hie window col- 
lector maintains, a respectable del- 
ta-T of abbut 60: When outside 
temperatures are in tiie teens, room 
air (in the sisrties) is heated to 
nearly 120 degrees as it irioves 
through the collector at 120 cfm. 

For $5, Des Chenis is offering J 
detailed pldns and instructions for 
this syste^i for/ firee, he* 11 answer 
specific questions that are accom- 
panied by sL ^lf=addre^ed, stonped 
envelope. Address Inquiries jtp^Jdhn 
Des Chenes, 21 Dale Dr., I^iSdale, 
K,R 03451. ' \ E3 
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OffiSbeTflp t^^Kjo TOf^Tfioff 
Mon'p p^uii|| roof Ui a luburb of Wash^ 
f^iaglMv D.Ci Look mesreb faeiU 

iy§s at O^i^ilI Mm^m*B y^%y iForge 
Space Center in Pennsylvania. Stand on a 
remote and weather-assaulted oil pla^' 
form in the Quif of Me^ieo. From the 
activity in these plam and at other sites 
vomid the wotldryou*!! tb get iht 
feetbg that the phenorden^ff^caUed solar 
energy Is fegipmng to m^ye Jrom in-' 
ventor'i fantasia togrwrn^racticai use, 
'HW^Sre' iiiv^M;tof«rtlni 



^ Left 1 Mndrht Wsypfims WimhiB^d a nun 
pd* Above i Orieks 4DCUsed the sun 's rays 
i&hum thrsails of Romm shipsAtlosifi 
A n engroving of a -'sm maehine^ used in i 
the iBth century to melt met^s, 
' ■ . • ^ ^ 

why (ponditions now begin to appear fa- 
vorable ipr /ol^j; energy. Among ^hem 
;^re the^gradual dcpleflon of fossj! fuels, a 
^ rajsldiy^ improving solar technorogy, a 
baDsi in the Federalf ovdmraent^s interest 
^ ary funding, aq e^p^nded r^e^ch eHort * 
' ^y universUief and companies suqh as 
. Exxon; Ffnally, the^public is becoming 



increaiingly aware of solar ener^*s po- 
tential for saving fuel once the price of 
solar equipment can ^e reduced, 
- Of feourse, the ideri of putting the sun*s 
energy to work has always intrigued man* 
After all, the sun*s radiatipn is respo4-,. 
sibie for all aetivjtv on this.planet/ from ^V* 
making tfie wind blow to creating fossil 
fuels?And from mankind's earliest exist-^ ■ 
ence, the sun's rays have beert tised in 
simple ways— to preserve meats aqd fruits , 
by d^fingj Jri^ihe growi^ ot crops; ^ 
make jpUffside dwellings and other homes ,= 
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Ibday it it ti^aiQi^ pat- 
dMe to ^ sbliF eaei^^or mi^ pis^ < 
pqp^, frfSB b^^g or ^oUn^ hon^ 
sfid offi§@ to ^uvidb^ powGi fcf ^tiri 
^ddla^ thoi^ m stiU hi]^ 
' ^^p^^ to tbat of GonvpAmal fq^^itat 
^dfveyiiig the Mj^i^^ pot^i^d of sote 
fnugy^ Fortim magailne r^^^ ifm- 
"utited tbat' poiw firom tt^^u M»iild 
beeoole Ac "U^M t^^mic davefop^^ 
nie^t since ths autoasMc," 7_ 



htaiing. Rights stOdeill^^sQkirfuma^ in thm 4 
French Pyr§ne^t mirr^ e^centr&t sujfw, \ 




ytaii ago in oiir qu^t to Goavert the 



f stto^s ra^to our OWD pu^m^.^The fa^k 4 
elemf of mmy oil today^s woUix dswiom 
^riiraa^, ^hceD&mtoii^ ooHeetoics, mif^ 
iori^weA mvetttid ia ISO^. Btti 
then came the moi^/effldent use of woojl; 
and ^ai, and the diseov^ of ml and ipa.f| 
*' ' * • ' 



}iies of ioiaf were 
n^^ aehievi^ Not suipr^ng)y« ec^t ^d 
€odvenleite had wra^ 

How#^i Od momm firn^ 
beUev^ in solir en^0 quietly oontin^^ 
wod^ing to develop use. Prom tiAe to . 
timr there were sigufieant attempt to 
pfotnote it. During ae Thiman adm^nis- 
tradon^ for example^ ^vemm§qt ipdkes- 
DS^predii^^^at 13 million iolar-pow^ 
er^ iKimpwouId be available 19?5 
(not far tibm the pme^t ad^oAW^on's 
prediction for thfe year 2000), Hdwever, 
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ti^^ stitt too eXpefliJvi 

«d r^arch remiUiad for the raott ptrt 
te^^:hme workihcn^ of a nttmber of 
^ "Ipi^iiteDt^y^to^ and in a few udver^, 
ti^ and ipkdiatry Jabbratoriea* Using thi 
ilBn to hfeai dfr^ocJ hcaiiig ioafe,wig#.to 
a imaU tiu^ 'of i^ionarleSp and ^ a 
rsiilt a hafi^u] of homas around the 
couotiy have for deeade%been using solar 
enei^ to aupnent convintlonal heatin| 

. eut by more than half » 

Bur^ Qme few wcilbig examples 
iiemea ^iiusiidcy to ;n^t peopl§. Who 
ipetded a KoN Goldberg eontmpUon of 
water ^pes, fans, rocks and ^ass plates 
oa or Ittrier one*s house? |rhen came the 
w ^^friwi space gp^im and solar eit^ 
\ boX r^ectabUity and a 

„ singe 14 mearch fiinds. Space vehieli^ 
^ required U^tWei^ leliabfe; on^bo^ 
^^1^^ som^ for (^inm(micati6nSi guid- 
me ud Other litems, liie answer 
prbv^ to %e a dev^e that was invent^ 
m the earfy 1 9S0| at Bell Laboratbri^^ 
the sUi^^solar cell 
"'■The featherli^t device designed for 
-^^l^viWcM convmeesun^ 
into useful, work-perfonning electricity. 
No fuel was needed, there were no work- 
big parts, no miintenanca was required 
and there was no^^lutlon. While these 
- solar eels wereeltremcly eKpensiye, the |r 
^itartgA. peoplg^ ihiiiJwg^^her^-T^fe 
dOwn-to^arth applications. 

The dnimatia rise in the pric^of crude 
"oiT in 1973^74^ cbupled vyith a ^HDwirig 
awareness of the tnily limited nature 
.fossil fuels haf caused governments 'and 
industry to look intensively for new fuel 
sources. The sun, , with iti awesome po- , 
tential of limitJesSi fre^ and clean ener©^, 
ofty help answer that need." # 
. Bach year th^sun bath^ the United 
, Stat^ alone with ©ver fiQp^^imes ipore 
ignergy than we now use, in the fprm-pf 
radiant energy. On a chafj sunny^ fey at ^ 
noon; Ihe smfjg ht tff at sfrikip^'^y , a ^ 
square metpr of sod near Washington, e 
D.C.* can bt made to produce a^onstant 
. output of 1 .5 horif power or Mbut L 2 
Jeflowatts of electricity. (The output var- 
ies with latitude, elevation above sea idvel, 
season of tlje ytar, pollution, time of day. 
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surface i^B^tivity and cloud cover*) 
. ^. Two basic, methods can be to 
^pnvert sunlight dif ^tly into heat & elec- 
^city; In one, sunlii^t is jpthmd bi 
collectors," or concentrated by the use 
- of fnirroft^teKheat iufd or airr Thesecond ^ 
m^od usf s photovoltaic devig^ such as 
iiticon c^Ui to produce el^tricRy directly ^ 
from sunlij^t. 
A^orduig to estunatei developed by 
. somi ^energy tndust^ raearchersi space 
heating and cooling accmmt for about 1 7 
^ percent of the nation's total^fuel bill, hot 
water atout 4 percent, TOus the savinp ' 
in Ae use of other ener^ could 1^ suIn ' 
itantial. One ^timate is that if iO ^rcent 
of new hom^ were to get t^te-fourths of 
their heating requ^ments finom the sun, ^ 
. 4he equivalent of 102 milllon^lons of ^ 
oil per year would be saved. 

The simplest way to use solar energy 
for heating homes is the "passive" build- 
ing in which instruction materials ,are 
chosen to encourage or Inhibit heat re^ 
tentioUt Special curtains, do^lb^paned 
glass, dark iouthward^acihg walls and 
even ^a^f r-flUed ^rui^ aie among the 
de^fcei Med tef tKiese puirp^^" 

"Passive" homes may obtain up to 30 
percent of their heat from the sun, but 
they can be too warm on very bright days \ 
Of too cold after several cloudy ones. The 
more efficient solar hom^ use so^alled 
^al«piate^ilectori of v^oQiid^ r 
Dr. George Laf, ^sttirado^ .S^ 
Univerfity *h^^ in experi- 

ments With solar energy since J 94 1 / For 
the 'past 18 years his Denver home has 
Been pne«-third warmed by a simple hot- 
air-collector system /which he says has 
never required maintenance and has cut 
heating biils considerably. Dr. X.df is also 
vice pfiisident of a firm which has pro- 
vided some 50 Denver afea buildinp 
with impBDved solar systejns that supply 
m to three-quarters of their heating a^ 
^ot water needs. \ . . 
V Another solar " pibneer, Dr, tis^ny 
Thomason, has incited a slightly more 
complicated but, he says, less expensiv^ 
system which uses water instead of air to 
stpre the sun's warmth. A 60 by 15-foot 
array of 8olar^oll|ctors is mounted on 
the roof of hi^ MaryUnd home. When the 

, R=78 : 
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sijn shines, rainwater uhat has been col- 
lected and stored is wanned as it quietly 
trickles down through t^ system to heat 
the house below^ . 

^omason's 30 solar collectors f^ce 
south antf^fflft tilted to tlie sun^f a 
de^ee angle. Tht corrugated aluminum 
plate within each of th^e four by seven- 
and-one-half-foot iKixes is painted black 
for maximum ablorpdon of the sun's 
rays. TTie plate Is bacJced by insulating 
material and the box is coyered with wi^ 
dow |la^ which ^ps the heat^ ^ 
In Df; Thomason's system, wai^ is 
heated to 100 degrees by flie sun*s rays, 
then circulated to the_ cellar where it U 
stored in a 1600-gallon tank surrounded 
by 50 tons of egg-sized stones. Here the 
^ wateib wiU gradually lose its heat to the 
ston^, cool to abput 65 degree and then 
be pumped to the roof again to collet 
more heat from the sun.^ Meanwhile, an 
electric blower circulate air through the 
stones and this wanri air is pumped Jnto 
rooms through, ceiling-level slits in the 
w^. Cold air is drawn off via floor-level 
^s^^^d reheated, 

Tnomason's system, lik^Dr. Lofs and 
othe^, is thermostaticaljy controlled arid 
connectid to a bacl^p oil, gas or el^- 
trie ftimace in case'of pr^onged cold or 
^udy spells. All in ^m, the system is 
ifmple, quiet, ^fflcWri— and, according to ^ 
' Thomaion, bysavfrig roughly $ 3 50 a year 
in oil and electric bills it paid for itself 
in seven years. . ^ 

There are now some 187 solar homes 
in the United States, with another 300 
under construction an^ the" move into 
solar power is beginning to pick up some 
momthtum. While interest in solaripow- = 
ered homes mounts, the higtf initial costs 
of such systems and the fact that solar ^ 
. homes also must have backup conven- ^ 
tional heating ^ iystems has acted as a ; 
.brake on the rapid expansion of <the solar ' 
ipdust^. In^ddition, legal qu^ona luch 
as '^the right to light"=whether one can 
legally block another's access to sunlight 
^alonf with zoning, building codes, aes- 
thetic, environmental and other issuel 
remain to be resolved. Nevertheless, the 
Department of^Housmg and Urban 
Development recently announced a grant ' 





^o^wisf hm top tefti M ihi early I9tf(yM, 

1^ on a bothr to PP^^^ st$am f f ths^ 
pumpfd w&ier W^gyph in Nhw J^eSleOi 
folsp eoncentretQr uses sun*M rays to $eMf^ - 
ate steam for indtutrial appiicattctu^ 

i ■ 
At Punkifkt Md,i htme erected 

roof, Sc^ar still in Symlf Greeeei 
seawMr to fresh wattr. "Solari 
heated home in New lefseyi wi 
slmitinf roof covered with sod ii 

At Baer house in New MexteOi a wall of 
water'fiiled drums stores suii^s^^t. 
Another New hfexho home combines cooh 
Ing adobe CQnstructio^ with solar cells that 
gath^ heat, in KelbeUgh home in Prinwe^ 
ton, N^f.i the ^il/c fa^dde traps heat. 

Solar collectors jlkihe roof of an Atlm\ta 
eliminiaty sch^nrpvide pa^t of its energy, 
n^fttHen^^trnter eMperim^ts with a 
tLmm^filed plastic tkgpn Mcony of 
li^^n^leL N,y,t house, B&g absorbs 
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A gimi psrabomrefte^torMiii Odeittm' 
soiar furrtQCB in FFancg eontain^ M 
rors whUf^ocmihe sun's rays on a i 
surface in the facing tower. Roof ^mp lol^m 
pa^ls heat homes in Israel * 

• - ■ # ^ . ■ f 

^ SQlur furn^e ai White B^^, NM., 4 
operated by a UfW. A afy IM^ratory, tests ^ 
missile cohtponents anempe^tures up to 
500 degrees Fahrenheit, At a railroad 
crossing in R^, Georgia, a solar wray 
(re^) powerswarning iights and beli- 



• ^ 4P J ■ 

Energ^^givinf Sun sinks over Mmhattm, 
At Exxon Re^areh and Engineering 
labormoriesiWientists use Ihe stin's rays 
\tp de^mpose water b]^ photolysis. An 
ERam engine^ displays a photovoltaie cell 
which generates electricity directly,, 



Jn an EMxof^roduction platform in the 
Gulf of Mexico, techniciaHs imtall a solar 
JprnMl thaLwiil trmuform the sun's ray — 
into electricity to be stored in the battery 
below the paneh The kattery will power the 
foghorn in the white tower at rear. 



. ibt Sl tnilllofi to instal^^ solar iMtii^^and 
'Cqolkig s^teiDs in 143 nf w aod txistiog 
fHideQtlil ttulldifi^ In il sta|is to tist 
the^pricticiJ ippllcktlon of iclmr power 
QSder a virieQ^ of cUinatia QOndittDnl^ ; 

ttois has ^miup with a glass tube coUac^ 
t^ that it says can deliver temperaturei 

^ of ovtr 300 degree at the same tot m 
the preifQt^a^lats coU^tprs but would 

' take up oiUy Hftthe space. A number of 
imaller fims^'o offer techhologl^y 
advanced flat-^ptate eoUectors, ii^ng 
them' Pay Star Corpprttlon of Burllag- 
toiir Masi^ a ypung odaipany in wHich 
ExxOixhas an iny^tment. 

These flat-plftt^.<^Uectors' already on 
the mar kat nq:w'~^ ifSd en^^ for a 
sutatanti^ pi^htttge o| space heating 
ne^, and tt^Ti^rllest large-scale appll' 
cations ara likftfj^ to come in shopping 
centers, schoob/'And similar structures, 
Indeed such ^^i^i|int ii presently being 
utiliied In Ml eUmbfit^ school demon,?, 

• itration ;ih Adantaf Oa., providing ^ 
perceat of the cooling 10 percent of 
heating an4 80 pereint of the hot wi 

in this field would mean assembly-1 
production ivhlch would lower d^t^ ti^ 
',^ige that Uie average homeowner eau] 
afford, Consequentlyf sbme jmUioritftbs 
tor^e^ impre^ive ^awth. Dr. Wt|r 
.jOlSlJSJPiikfhMP.^ 
bridgCt MassM research fc'm* predict^ ffi^^J'of 



materials research; snmltin] 
itudlei. This a^angement oi 
mtrip^ii with a parabolic r^i 
infthe falbade of a|eyen-s(|]^^1 
and a f^ace as'fhe fteatf^i^ ^ 

bum throu^ iteel In a ^ce. 

^e moit ambitlQUSproppsU uling t^ 
concentration .^dnoiplA ^ the iid=^lea' 





"powei 
1500^ 
felt 

Its blse 
^Jatcm) ty! 
licontiiiuoii^ 
"produced wi 
electricity. ' 
the Unive^i 
Sovle| IMbnJ 
intimatelyV 
lar ene^ dev 
ceU which tidprts^ 

' rtci^y^j^^^l 

are cnrr^n^nff 



^ift^ It wmild con^t 6f a 
^dwer tc^kped;^ a rotat* ¥ 
l|^ mt^9riclAUn| ^ 
yii^ons ott railroEd 
t$ the suh*s rays 
Uer. fnie iStMUp 
esj^o produce 
( ,^tudi^ at . ^^fflP^otpl^^ifj 
and in the ^0s^ ^ efei"" 

^^IQ- ehcf^j 

; ^ pc^ tSA 2! 
- ^ poW^- stfti^it' 
trules uf^ staS 



^QittiMulsd^ 
hotoVoltaic 
intoelf^ 
id^ofwhWK 
icoAp ^ drbp^, 
^ id they can ^r&I^P^^U^tri^^^^ 
4af^a^ a price i^at Is ^&ii>t^& ^at' of, 
i;^ashlight bft£teri^^^^Bfei^-i^^ 

,:.t^lie|lment w^^ a^^U!^^ 
;^ Among the- compa^|^?pric^ucing sU 
' con cells is Soto ipbwisf Coq^Mbop^f 
rt^. Mlerjcs, M^i.* a sv^; 
n M 



; llabt#i^wi^sourc^ for theirilpg' horns, 
^ Ji^s und ?^^ng bdfaV It is; ^rtfiit of 
' many cu^xtntules of sotar ceUs : a remote 
a^a whfl^ conveatipniLL powef d^tl't 
\^ist and ^^pirient^ Mard tq^aph a 

on inouiuaih-tops, 
~ 'lated v^ages and warm^g jigf 
lonely, ^fltbadlin^, ' ^ v ' 
:on R^a^h ud Bii^tt^ring 
^^^nd^;|New<ieri!^ ii:^^ 
^11^^^ to a host bf SQ^ 
developlog n^ 

l^t; deVli^'ping' 
^uflnifligfitl 
^ do^ water 
i'l^Vaiid a oitar 



^ftap^ fai5*!ou1uin^ 
^t^^^p have pfpf/ 
l^liipUittioiKr 
^^gr^^pt Some 22,3^ 
3^^i^t^ pnrp^W 
i ■ jwm8!i?^5]|>of ^^^t-^ijii^;^ mirrprs, \-- 
W ih^ipt mi^^^^^^^V^i^^mo^ solar en- 
^;MUK|r biQ0I^ t^Qsmit ^ 

earth in Ac' form of microwavesT whef 



Jntfc^grises, Ittc 




TUlHf 



r;systefti,\^^ 
, ArchL^ I 
rky^ by 



solar "climate conttol" eqi 
tje^^stalled^hi manji 
buildinp by the!year 2f ' 
llfferent {cind of 
at least since i] 
medeSj concenfrates 'tW 
^various means, Thb Gr^tf^toathematK, 
cian allegedly set fire \i^7a^ attacking 
Roman fleet in the harbbf Jaf Syracuse in 
212 B.C by using large metal reflectors 
tol^ncentrate the sun*s rays on the ships' 
^slls, Cenniries latei^ the Fieneh chemist 
- Antott^Lavobier-altgned^b' l^i^ in^ 
such a way as to contf^ntrate these rayS' 
and melt metals at tempef atures of over 
3,000 torees Fahrenheit. In the 1950S| 
anothHffench researcher^ Felix Trombe, 
built aspectaciUair' solar furnace at 
Odeillb high jn^ thel^re neeSj for use in 



le years afQi^^pler - POw^ r ; Cor- 
co|iceptratSd[ on pite^^pect. 
^, jrj^'^^^^^iide ^vi^. f^ 
Hectricit^^ot ten^trial me\ 
^_Jfep^^^^ri raydly 
"l^^^^ 1^4^$ m the business a^!^|p 
iolar arriys to currently powering lSl^ / 
OTunicatlbns devicei in the Itil^/ 
ihiopia, ^ustralia^ Ne^.^^inea and Fiji. 
' Solar cells on one!s rooJ inlay sor^^ay 
directly ^W^te lights |tnd the t^^i-, 
iioh set. Bfl^^fongLcan pjedict wheW/pr . 
what suchj'a^^prod^t to^id look .like.-; 
.^eanwhilej today's ■ qpnJ^rationi i^ 
thlnj round, wa)[er of silicon mounted iif^ 
^ugh siliconli 'TuMierr facing sunward 
i^nd connected to stbrage batterfiii.v^rt^' 
system of thii'kihd is In action in the 
of Mexico. ',T1iere; Exxon C^p^ 
U.S.A. has ihsiplipd arrays of 
on severar off-shore oil produdtioff plat-i 
forms^unmlinned stations that need re- 



; wouIcLbe^ reconverted to eli^riilty. - Ac- 
J fdrding ' to one ^timatet " % 10,000-ton 
ta incep^r^^sfatlq^^W this kind mi^t prov|d^ 15 



lion watts^^ of: continuous electrical power 
A -ytfai^- just about ^nOv^ fof the needs 

ttli hercui^pfMiis^p^ ta^tift^t|^jieing 
rtu^pd b^ ;th0^^^ V 
■ Miny experts thldk'ftaS s^ar energr 
wili iytnt^^fy coin|binf ^h f^uclea^ "fu- 
sten t^^U jndch^/ii WorW'f ener^ 
needs. %heIS^thiIfB^hp suri^ciiuld Ido the 
job by itself iv%it^wh ate ver'jhi. ou^^^^ 

ar. i^at ,the use of solar 
fdrni ^re to stayi 
Shrler, rtianager df solar 
fts lof jExiTdfl Enterprises': 
whiMKlplar en^i^ $stab^ 
oofthe ^t^ta ^* 
cdSf iS^ftting doW,^ 
* Mth a lot^of wotkiinfl a Bit of luek^ t^ 
Uijited States may be Implying up to 5 
^ percent of it| ftiergy requirements' from 
iunW the 5^ar 2000. I think it eart^ 



it would 
^energy injs 
9 Says 
^ etierffi^ p 

^4ish^i 
•coniUi^er; 
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' ^ V ^ Pbwer firOTTi-the Sun safer tfid^aiter to mmfe tv. ' ^ 



Soft and Hardntrieri 




■ fhy|ntor^ dif covered tht 
V r poyv#^^ of sf#^ they aDpliek^ tq pumping water and 
1 : ! ^P^^P^'^PS IbcornQHv^l . Whf n Herd pf Alexandria rhade 
. f AD* he too 

J > japjpiiejd. it .to % char^tf ciflie .p^ of his 

V Miriei-^th^ Qptjnin^ and tloilmg pf temple doors. One 

If :ii^e..iame ■ true of solar energy? Sun-worships is 

May. 3, has been designated Sun Day by some who 
; /think splar Energy ihould loom larger in the natipnai 
■ 'consd^ It is ho accident that Suh Day'i 

■ eonceiver^ Denis Hayes of World Watch, was also the 
' * organizer of 1970*s Earth Day; environmental andanti- 
nuclear grpupi are among the chief acolytes , of solar 
- . mefgy, and they have a large ^nd expanding following. 
Their meiiage Jhas undeniable appealf iunlight, coujd 
. ; we but harness it, containi far more energy than the 

< , and unlike them, it is inexhaustible; non-polluting, free, 
and in total harmony with the ifrrangements of a 
rrdempcratic sociity. \ ' . , 



also enri 



Nkhoks WflJf writes for Science magazine, and 
author of The Uliimah Experiment. 
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itreis that sunlight free. The iuggtsfioh/ ai touch 
demagogic, ^ npf wholly true,| Nicholas Geor^escu- 
RoegenV whbse ^6k0he ^Uropy^Mi^ , ami the Economic 
Prwss. (Har^r^^l^l) esta^p^ a ,|heoretical 
framewpfk foi^ inser^tin^^^e su^ into, economics, ^ 
careful to deicribejipfar ^Mrgy as an almoBt f^^pod=^ 
tojca^b^i, you need^lQo« 1^ Bu^hat hWKcome 
the poIiHcal jnanifei'to or lollr energ)|^pDEared in the 
October .1976 issue of Fomgn Affaits irran ess^ by ^ 
physicist Amory LoviWsof #ie Fri^^s ofthe B^h. , 
Lovins'i theme is th^at tfiere a^ t^P^path|th^nited-/ 
States could take over the next half c#nfCiry^i 
its energy needs. The hard..* path relies 



pP^Cony||i^i^|^.wlidom,^ ^ the nuclear^ 

and ^lectfi^ind urft rife, and pcevalenf in most parts df/ 
the Pepartment of En^y, holds that sol* 



becom^^knpdj^apt source in the ^ext cehMfflwut ip^*^ 
pi^n;^sly f^ nov^^^efMf the technical prdblems|? 
are soll^p, the Wgh c^?al cos^f niosi splar energy i * 
3||c|^s^ ^^^nle Wem out is serwus cdmpi^drs wjf h ' f 
^(fc^htio^l fuels for the^reseeaWe. future 

; Th#vdet)'a||_^abdut sola?>^ergy^^f^l .Irs rotot^h ^ 
i h t rica t i ege mSe^ ^c l]j^a 1 a n^c^^n flm ic f p reca s t i rf^: 
Mt I te afeo'enriliteg th^ypf BDieri^sbD»a1 an'rf ' 
W ij^^rt, Pr^inCTitsof solar^i^f^ 
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Sfci^ typlciinv matehfd in quality to end uses! High 

.^t^* fprm* 0f energy'* such as electricity are: v^ry 
.^€ve|opinR-J*niWa.ble energ>j costly, yet are often pu| to put^poses {such as sp^e 
rjiWll<nrinscaIeandofle«i»^d^ hating) for which low gracje energy (coal, oil, ga^) 

^^i^iiilli^^vl^ie tW^^^^ f**" inore efficient A power. 




Chpice of , path will infTuenct the struct ure of society 
jb^ause^of the^ontraiting naliire of =^ari-and -"fof t" 
energies. Soft energy technpJpgiei^ iays Lovins, differ 
'fronrhard in these ways* 

' ^ They depend on renewaRe tntrgy flows such as 



deftridiy, for th<^ "other two afi&' tost wait« heat. 

llteliard energy path/to iummarize Lo^^ 
^hbtK;£oits riiki, |t means ihyeiting billldnt of : 
';ifoliar^ tn ne^ power stations and enrichmjpii^; 

plantSir gambling on the iucceisful developmeftt^of a^ 
'lew- ti$k-Iaden high technologies, and J^periling the 
^ ehylrphfnint with fBiill fuel by-producti .^aste heaf ^ 
an<i the threat of cHmatic change. The soft path 
depends Oil developi^^ a dtx@r§e aiiortment of low 
Jtidhnolpgiei, all df^them enylronnierftally^entle^The 
;jhud^th .wUUtad^to JAud 

at horne to a dirigiste autarky N'ought about by the 
neei^ to prevfnt terrorist diversion of nuclear material. 
The soft path will produce technologies which are 
iultable for poor and rich countries^liker and compati- 
ble with an. ^^n^ pluralistic^ democratic and decen- 
tralized sodetyp Take your choice, says Lovins, and 
remember that the wrong one is irrevocable^ * 

How viable IS the soft energy path? The technologies 
which seem at present to hold most promtsev include 
folaf cells, windmills, solar thermal energy, and 
^bipma|s fueU^ this list should be .added two 
alternative technologies which Lovins, for one, does 
not consider to qualify as soft^ the solar power tower 
and the pTEC, a Leviathan^sized machine that works 
on the temperature difference between the surface and 
bottpifi waters of tropical sieas, 

Solar Celb, Airays of solar celU are familiar as the 
wirig^like panels that po^r iatellites by converting 
sOTlil^r into "elect riat^ 

are hand-made and sell at aerospace prices. A reduction 
to one^thlrtieth of today's price is needed befpre solar 
cells can be brought down to earth. If the reduction is 
achieved, andif electric utility charges continue to edge 
u^solar arrays -'would^ be able--to gtnerate 
supplemental electricity at pricep competitive with 
eleefrricity from other sources in wide areas of the 
country f" says a June 1977 report from Congress's 
Office of Technology Assessment. 

A price drop of this magnitude may not be as 
im^ssible as it seems. Solar cells are semi-conductor 



sun, wind and vegetation 

^ They are diverse, so that energy supply comes devlces,indtheindustryexpectsthat, justasin thecase 
from numerous small sources tailored to particular 
needs (sucfi as solar heat collectors on buildings 
instead of from large central power stations. 

^ They_are eyy to Understand and use, not 
demanding esoteric ikills sueh as nuclear engineering. 

9 They arrmatched in scale and geographic distribu- 
tion to end uses, meaning tjjat where there are strong, 
iteady breezes die builds windmills in^^d of buying 
electricity from far away. (Half your electricity biH goes 
for distribution costs.) . * • ' 



of hand calculators, the price of s6lar= cells could 
plummet as soon as a mass market is established. 
Present day prices for certain terrestrial Uses are 
already one-fiftieth of thisse that prevailed a fewy^^ 
ago in the space market. ^ 

Solar cells are made ou^of the rock-commdn^e^ent 
silicon, which is first purified and then lightyddped 
with certain impurities that make it into a semi^ 
conductor ,pf electricity. Light falling on the cell 
converted into electrical energy. Attaching metal 
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contactt and assembling tht cellt li at jpreient done 
'^^o^*Iyv,by, hand; automation It one s^p necesiary 
befof t sqUr airrays find a place on rooftops; ^ / 

Windmilli. Sinct tht 1850i, m% million windinini havfe 
bttn inttallfed in the United States, The windmill is not 
* J?^^y T its ti^me may 

come. X Jarge' Mpferim^ built by the 

Department of Bnergy star ted turning in Clay ton, NeW 
Mexico last month and is expected togenerate up to 15 
percent of the electric power used by the'town's 3000 
residenti. The department reckons that windmilli ares' 
within a factor of - between two and four of being 
econorinicaJly competitive/ Small windmills for home 
e|#ctrtc use arif commercially available but so expensive 
/as to be attractive only to those- whose hdusts are 
remote from any electric grid system. As with all solaf 

?^i^Sy< ^ storage system ip nfcesiary unless the device 

is used just to supplement existing power supplies. - 
There is a broad potential Base for wind ppwerin the 
United States: many regions receive almost as much 
. wind energy per year as they do sunlight. 

^BiomaBs. Lovins believes that' by 2000 AD^the fuel 
needs of the entire American transport system could be 
met by alcohol produced from plant materiaL.His 
calculations are not unlver^lly accepted, but there is a 
future of some kind to be discovered in what energy 
technologists call biomass conversion. Some forecasts 
suggest a large market soopi, for alcohol fer^ 
mented from sugarcane, sorgfium, or spoiled corn. 
The alcohol coula compete, directly with industrial 
alcohol made from ethylene, or be blended with 
gasoline ^nd used as a motor fuel, ''gasahol/' Other 
schemes include producing methane gas from algae 
grown on sewage \waste^^ The economies' of such 
proposals remain uncertain. Even if-biomass 'fuels 
become competitive vvith fossil fuels> their cultivation 
will not be sylvan or bucolic, warns a recent Mitre 
Corporation report: 'The propel analogy is a logging 
forest and pulp mii!/' 

S&br Ihirmal energy. The least glamorous of all sol^r 
devices and probably the nearest to the marketplace, 
solar therrnal systems can be used to produce steam in 
industrial processes, generate electricity in"^ §mall 
installations, and supply heat for hofnes and offices. 
Si*nple flatrplate collectors can trap enough sunlight 
for residential space and water heating* Where 
temperatures above lOO^C ^re needed, sunlight can oe 
concentnated by mirrors Peered to track the sun's 
motion. }k large potential market for solar thermal 
energy Acists in the food, textile and chemical 
industries! where copious amounts of Jntermediate 
temperature heat are used. Most of the equipment 
hfeeded for sotSr thermal heating seems already to be 
available, although further improvements could be 
made on th||heat engines which conv^t the heat an to 
shaft power to drive a generator, air conditioner or 
whatever. According to the Office of Technology 
Assessment, solar hot water heata^s for domestic use 



^^^alf^y competitiv#^ith electric water heateri, and 
solar equipment will soon be a good bet for fulfilling the 
T|^eating and hot water needs of large buildings, 

Pomr jowen. The power tow^, the pride of the 
DtpaRment of EnergyJ| solar program, is a 100- 
.., ra^awatt device which will consist of |£f oiler perched 
wJ4pOO-foot tower at the focus poin t o{ a fitld of sun- 
trackl^ mir^is. Design of the boiler is.expected to b^ 
^prohlematkllt is too early^to estimate the costs^^t which . 
he system/W^n deliver energy. * 

OTEC sys/rmi. Vast u^^derwater towers that operate 
on the temperature difference between top and tottom 
wate^^TEC systems are a^ttra^ti^e because they 
could Oraw on an inexhaustible source and be able tq 
work 24 hours a day. Thermodynamic laws decree, 
hov^ever, that since the temperature difference is 
relat^ely fmall>4he efficiency of the system will b^ as 
slight as 2 or 3 percent, Any slippage in performance,^ 
such as might be caused by marine slime or barnacles, 
could put the whole system in the red 

T ■ ' 

^ here are many promising possibilities in the solar 
energy field, although most devices have a way yet to 
go both economically and Jbechnlcally before they can 
begin to compete with current sources. The market 
^ share of all solar energy devices will depend critically on 
what happens to the cost of Conventional fuels; If, as 
some experts now believe, oil supplies remain adequate 
at least thrQUgh 1990, the price of oil is more likely to 
stay stable and solar energy to stay uncompetitive. As 
^r technical problems, it is not universally agreed that 
the Department of Energy is doing as well as it could to 
bring solar energy to market. Environmentalists regard 
as too niggardly the $300 million a year allotted by the 
dep^tment to solar energy. The heart of thejgency is 
^he old Atomic^ Energy Commission and some 
observers see signs that the hard path methods used to 
develop nuclear power are being applied, with singular 
inappropriateness, to th^ shaping of solar energy 
systems. The department's solar researcFf^program ' 
''has emphasized large cent^ral stations to pr^uce solar 
Ject|icity in some distant future and has largely/ 
^pred small solar devites for producing on-site power 
^^an applroach one critic describes as 'creatihg solar 
tec^nolo|gs in the ifriage of nuclearpower,''' concluded 
Al^fwHarKnond and William Metz in a recent series of 
ai^pes in Scieuce, "The program contains virtually no 
sigmficant projects to develop solar energy rfs.a source 
9^fr "^'^ only rudest efforts to exploit it a's a source 
of neat. The massive engineering projects designed by 
ae^pspace companies which dominate much of the pro- 

have in^mind the existence of the util^^. ' 
ity industry^-ratherthan in4ividualsor communities— 
as the ultimate consumer of solar energy equipment/* 

Thf general argument for switching to solar energy - 
is compelling. The earth's Outstanding recov^able 
reserves of fossil fuels are estimated to be the 
equivalent of two weeks'sunlight. Our consumption of 
R=84 . 
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fufli (and other nAnerals) is dont at the exfiense of ; VVhelh'er the transit ioh tosoUVpowtr and its kin is t^ 
'future generations; qnce depleted, mankind's dowry of take place in the next decade or after all the oil hag gone 
low entropy maiierials can nt vtr bt replacedp Is a matter not j^values but of teehnici and economics. 
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Solar Ener^ R^arch: Maldng ^lar After the Nuclear Model? 



* ^ A poiiit ibool w\mkim$y that j^v^ 
emmeiit ptanntrs mn^ to haVe tmuble 
frasping is that it is fundamenially dif<> 
ferjint ffom oiYmx eti^riy sources. Solar 
entity is dtmocratic. iLfalli^pn evfry^ 

. One and ciui be put to use by IndlvlduaJs 
'mJ .smaJl groups of people. The public 
cnthusiasih for solar is perhaps as much 
a reflect (oa of this unusual access ibility 
as it is a vote for the ehvironitiental kind- 
liness and inherent renewability of .ener- 
— =gy-froiiKthc sun^— — — — — _ _ 
But the federal program to develop 
new energy technorogy is giving only be- 

V lated recognition.to solar energy's spe- < 
cial cha racteristics . Despite the diffuse 

This is the first in a series of Research 
News ariicles examining recent develop^ 
m^nts in solar energy research. 



- "^^nature of the resource, the research pro- 
, j^ram has emphasized large central sta- 
tions to produce solar electricity in som^ 
distant future and has largely Ignored 
small solar devices for producing on-site 
power— an approach One cHtic describes 
as ^*creati rig solar technologies in the im- 
a^e of nuclear power/ V The program 
contains virtually no significant projects 
to develop solar energy as a source of 
fuels and only modest efforts to exploit it . 
as a source of heat. The massive engi^ 
neering projects designed by aerospace 
companies which dominate much of the 
program seem to have in mind the exist- ^ 
ing utility industry^ — mther than individ- 
uals or communities^--as the ultimate 
consumer of solar energy equipment. 

One consequence of this R&D em- 
phasis on large^scalo, long-range sys- 
tems is to distort economic Vnd policy 
assessments of solar energy based on the 
' current program, both within the Energy 
Research and Development Administra- 
iion (ERDA) and In higher levels of the 
governments Indeed, the potent iaf of so- 
lar energy is still regarded with skepti- 
cism by many government energy offi- 
cials and publicly discounted by spokes- 
men for oil and electric utility Com- 
panies. Funds for solar research "are ^ 
leveling off, because of cuts made by the 
outgoing Ford Administration and con- 
firmed, with minor overall chilnges but 
some shift, in emphasis, by the. Carter 
Administration s Agency pfficials con- 
cede that eVen the present federal pro- 
^rarh— representing an i^estment les^s 
than one-half of that fo3*n^v^*cd(al^ch- 
nologies and a small frai^tiorkdf that 



comhilttgd to ttm w^kBT 
survived only becausi^ of the immense 
popular appeal of solar ene^y and 
consequent pressu^ from Congress. 

In cmitr^t to this official skepticism is 
the virjN^explosion of optimism and ac* 
tivity elsewhere. Dozens of pieces qf 
proposed solar legislation and hundreds 
of companies now manufacturing sol^ 
component^ ^eAect this interest. The 
. number of solar^heated houses built in 
the United States has doubled approxi- 
mately ever^ g monthsysince 1973, ^nd 
the rate shb^s ijo' signs of slackening. 
The rapid buildup of a fledgling industry 
has been matched or even exceeded by a 
staggering rate of technical Innpvation in 
designs for solar equipment and in re- 
isearch on advanced meth^s for cafhur- 
ing and using solar eneigy. 'Measured by 
the number of new ideas or the rate of 
progress, solar energy ha.s become the 
hottest property and the most sought-af- 
ter action in the eneiiy field. The burden 
of criticism from the solar energy com- 
munity and from independent analysts is 
that the federal prop^ has lag^d rath- 
er than led niany of these developments 
and that it has directed its reseanch to- 
ward goals that betray a lack pf under- 
standing of th^ solar resource. 

Coming Cb Oripi wt^ Solar 

The government's difflcMlty in coming 
to grips with solar ei^rgy is under^ 
standable because the solar program was 
bom, in an institutional sense, only 
about 5 years ^gQ. The early work on so- 
lar energy was scattered among various 
government agencies, but much of it was 
an outgrowth of the National Aero- 
nautics ^ and Space Administration 
(NASA)'effort to find practical spin-orfs 
from space tee^nology. After the 1%9 
Apollo moon l^^gs, four dffferent 
NASA labs began to w m^odest amounts 
of solar energy researcnS^n 1972 the Na- 
tional Science Foundatioh^(KSJF) be- 
came the lead agency for'solartfcnergy re- 
search, which was fun^d a^nlV $2 jtiil- 
lion per year. Many of tRFferly program 
managers came kom NASA an/ much of * 
the contracted research wem to aero- 
space companies, ' ~~ 

In early 1975, all the solar fesearch 
programs were shifted from the NSF, 
which has not been organized for com- 
mercial technoiogy development, to the 
newly formed Energy Research and De- 
velopment Administration, where solar 



was ca^t ihio cbmp^tltjon with the iiiidf-. 
ai^ breederi* the goverriment^s^neWly in» 
MJgorated coal program, and the gro,wing 
program for fusion. In its flrst 2 years the 
RRDA solar program was ^^atly under^ . 
staffed and overworked— at one lime 60 
percent of thgmai l for the entire agency 
concerned solar ene^y.~But in spite of 
institutional %hand icaps, ^ the pro-am 
grew rapidly because Congress autho- 
rized larg<e increases tn the solar research ^ 
budget^^i much as 80 percent above : 
what the agency officially requested. 

The program Under ERDA moved into 
a mode of design, construction, and test- 
ing of various types of solar power pilot ^ 
" plants on an aggressive timetable. Feel- 
ing pressure to build up the solar pro- 
gram rapidly, ERDAldelegated a large- 
some critics would say donii nan t— role 
to its natiohal laboratories and to various 
NASA laboratories. The different sub- 
programs were evaluated in a series of 
''missiqn analysis-' studies, largely per- 
formed by aerospace contractors, and 
new priorities were set. Much of the * 
evaluation was based on the capability of 
various solar technologies to ap{?roach 
bafe-load electric power supply^— under ^ 
the assumption that anything else would 
Tall short of a major contribution. During 
this crucial period of solidification, the 
program had no regular review by an , 
outside advisory board and there were 
no congressional oversight ^hearings, ^ 
One of the strongest outs^e influences^ 
on the shape of the program, according' 
to well-informed observers, was the utili- 
ty industry, 

Today, government solar ra^arc h is a 
$290 million effoa .spread among four ..^ 
subprograms for electric applications, 
one fon fuels, and two for heating, cooF- . 
ing, and related dk^ect applications, with 
a professronal staff of a9^ut 70 persons. 
In fiscal 1978, the program recbm mend- 
ed by the Carter Administration will 
grow only modestly to $320 million. Be- 
cause the various solar technologies are 
generally unrelated to each other, there 
is not a great deal of overlap between the 
research bases needed for ihe subpro- 
grams. The result is that the diffe rent. so- 
lar options are at an tsm greater dis- 
advantage vis-A-vis other energy pro- 
grams |han the total solar research bud= 
get would indicate, ^; ■ 

Th^ largesf allotment of ERDA fundi 
and staff resourceV has been for solar 
electric technologfes. The concept which 
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tS Utility 'i r^Sfel^m^tl^ ll^trte 

most iikf ly cM^date for jintnAi^ 
ity pnei^ipn is iha ppwer lower* a syi- 
= tern whHitt bdler .On a hi^ tower heati^ 
by tha sitiMtf)t reflectt d from a fltid ,6f 
^ >iM^r#di m; lj^i«fid|^^ 
'^mifrors^^^a power t^§r with lis re-* 
xJatid 'iof^ thermal syitenis is still tht 
leading .subprog^q^ in i dollar priority— 



$79 million in 




\9T7. Ntxf is re- 



s^rch on phofc^dtlTc power systemi 
an effort! to de>4ldp low^ost versions of 
the silicon jtMs jis^^d on s^q€ sitelllles 
f for converting iunlight direetly to eleC' 
trinity, Wlnd^powerresearch, although it 
is the solar elictn^Jechhology closest to 
being economically com^titive, re* 
ceives only about B percent of the solar 
biidgietr Appi^lmatily 5 percent gots to 
develop method^ oS extracting energy 
from the imalt temperature dp§renaes 
\ between surface and deep seawater— a 
'concept usually referred to as OTEC 
(ocean ffiermal energy conversion) and 
conceived to produce eject rigity or per- 
haps an energyMntensive chemicat in a 
. huge .floating plant^^hat would^ provide . 
about 200 megawatt#of power Still less 
money presently goes to the solar re- 
source that could be most versatile of 
ali-^plant matter or biomas$, which can 
be converted into dther 4ieat/fueis^ or 
elect^city . ERpA offlciah ara generally 
agreed that biomass is on^ area In which 
they have yet\to get a strong and fc&Kep- 
ent program under Way. ' % 

j The sola^ heating and cooling sub- 
program is funded at $86 million at 
present and $96 million in the fiscal 
1 97§ budget, Solaf home and hot waprg 
heating is nearly competitive in 
a[reas of the country already. 
ever, the ERDA program has paid little 
attention before now to the beWeftts of 
passive solar heating^the capture of so- 
lar heat that dan be achieved from a well- 
scaled sOTlri^facmg window as opposed 
tb a rooftop sblar collector use^ with a 
wate/or airflow 4|^tem to carryi|he heat , 
downstairs. Such systems are now wide- 
ly thought to be capable of filling alarg^ 
fraction the winter heating needs in 
many ^i^B ^t costs generally Icss^thifi 
those of^fcve systems. 

As the CTrter Administration prepares 
to. shift energy research to y'et another 
agency^the proposed , Depart rpenf of 
Energy^^s^^^eriy is still in search of 
a proper institulional home. Noting ' 
. thif ^j^pticism of the solar pnogram ^ 
is one of the proper functions of ERDj^'s 
management, Henry Marvin, solj^ 
program^ director, nevertheless says that 
the program has ^en subject to tight 
^ controls by the agency Is upper echelons 
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and by th# Gfflqt^f Manaiefnent 
Budget In hii words, ''Conptii l»s 
stn the comeiive^actor*Vii^thi'g^ 
Iht prbp^. Aeedrding to Hi^w^- 
the iotar program lib has all the money 
iineedSt ''but w#^re still somewhat staff 
lifnit^ ai^ Mvel^mofiey vilifiittd — ihat 
has been the; mechanism of OMB con- 
trol,'' He foreseet a pro^mm that may 
Have already^reached its bt^dest extent 
and will focut more nar^wly as early 
decisions are inade aboiif solar hard- 
wire development projeeti in l^TS to 
:|98I md ; succeisfut technologies are 
transferred to private industry/ ^ 

Mairvin is credited by several obs|jrV- 
ers with having sought to limit the roj 
the^r^rasi of the national laboratl 
riesAwhich* he say^, "are not natural 
stopping placas** eftrbut| to^tviroping 
commercial technologie^and with hav^ 
ing Managed the progiiim cdmpetently 
within the guidelines set by the agency. 

C^traliztfl Venus On^ifte ioUir 

But critics believe those guidelines 
still reflect the narrofv set of preconcefN 
tions with which the progmm begani 
Orti of these^ preconceptions isi the 
preferred, rdle of centralized energ^; 
systems. Several pieces of evidence sug- 
gest that the ERDA pmp^m has ^ven 
. inadequate attention to the issue of the 
appropriate scale for iolar technologies 
and, in so doing, #ks failed tb'explpit the 
most promising characteriilic of solar 
systems. ^ report.recehtlylssued by the 
Congressional Office of Technology 
sessment (OTA)Vfor example, points out 
that federal research on electric generat- 
ing equipment of all kinds has been fo^ 
cused almost exclusively on a centml- 
if§d approach and ha^ neglected what 
OTA sees as a signiflcant potential for 
on-site power production. The report— 
one of the most conjprehensivp studies 
of emerging solar ^ technologies yet 
made^bficludes that "d^vices^ having 
an output as small as a few'kilowatts cair 
be made as efficient as larger devices'v 
and that on-site solar systems capable 
of generating electricity at prices com- 
petitive with thosi chafiedfby utilities 
may be availaBte **^fithin 10 tp 15 years," 
"*Onsite sQlap^energy," the report de= 
dares* ^*mL^ be regarded as^an import- 
ant gptionl* x * f 

The solar thermal subprog^m pro- 
vides an instance of how ERDA*S 
choices of scale were cstab/ished. Initial- 
lyithe subpro^am was conceived of ex- 
clusively in terms of central power sta* 
lions/ as large as possible. Charles 
Grtfsskreutz, an analyst with the engi- 
neering firm of Black and Veatch during 
the period when it was involved in the 
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initi^ propmm analysts of power towers 
tqf ERbA^ uy% thai "eviirypne started 
by considering a IGQO mtMw^size and 
quickly' sealed it dowa to j^iit 100 
megawatts**-. when it b|pame clear thai, 
the tower height and the land acquisition 
"^l^^tem were impraetie^^ the liU||ef 
sizes. **To my-^knowl^dge;" i he si^s, 
^ there are no, good Studies of the «»pti- 
f mum size of these facilkies/* Little seri< 
pus conside^tjon appears to have been 
given fo solar thermal generating fate ih 
ities in conjunction with^ comfnuhity- 
scale ene^y systems or/ bioniass fuel, 
refineries^applications for which jhe 
optimum iiie* according to PHnceion 
University physicists Robert Williams 
and Ffmnk yon Hip^K will probably be 
much iess than 19 megawatts. According 
* to Maiyiir afflRDAT^it may^well bie^ 
that 10 me^watts is the, unit size for 
the power tower— we used^ 100 mega- 
watts for our calculations.*' ' 
i Llkewile/^the wind-power program, 
iccor^g to. early progmm^do^uments, 
did notT^k carefully at th/ prospects for 
jmprovo^a^ersions otjSmBll wind tur- 
bines for distributed appllcitions^ ^r ^t 
thr potential economies mass produc- 
tion tha^t might apply to srr^ devices but 
hot to large ones. Instead^ ihe program 
. plunged ahead to build large. 100-kilo- 
watt prototype as a first st^p toward a 
commercial size conceived to be.asJarge 
as possible with the materials availaole— 
1 J to 2 megawatts., y ' ^ ^ 

Willies and his CQineagues ^i^t^ut 
that th^RtiA solar program throughout 
concentrates its main efforts on the 
largest and smallest scales of energy prb- 
duction; but they contend ifaat a^)nte|^ 
- mediate size tnay turn out tobe the natu- 
ral scale for many solar tftl^nblpgies. 
Their analysis points to comnrunity-size 
systems, equivalent to a few hundred or 
^ few thousand hoases, as th^most cost- 
iMcient; in that they would al^M^ storage 
of ^solar' energy on an lanhual basfs^ 
something impractical for an individual 
house^and would also allow the copro- 
duction of solar heat and electricity in a 
manner that would be impractical for 
large central power plants. ^ ' < 
Other independent analyses have 
come to similar conclusions. The noterf 
British radio astronomer Martia Ryle, in 
a stud^of the applicability of solar ener- 
gy to that country, concludes that^ dis- 
tributed network of sriialT wind , turbines 
provides the best match of por|ntial sup- * 
ply to demand and wouU ^e, cd^^titive 
with coal-fired or nuclear generayni sta= 
tions. Ryle concluded that wirii^^wer, 
used with storage systemi. cpul^fcvide 
a substantial part of the pOi^i^njieSs % 
of the British Fsles, ' . ? . , * 
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AnbtNr critkism of tbe 
is Itet Its nam^intnt ta^ b^jrunniC^ 

. ytari; whIW ERDA direct^ the pro- 
it hai b^n guMed by £ mAi^e^ 



mkmi m p^Y^ ^yn^pinoHty to one 
solar technolegy in Wa£^ suUpro^mrrit 
such as l|ie pbiWef tower in theidihr th€r? 



^enca that diitct solar eMi|y and wind 
sfteriy mii^t compliant ^fiir 
wiD. Littte attintion has been jpytn to 
bn^iite applkation^ of photovoltaic 
solaF-theniuil^ivlc€S,^n;yvhich the utlli- 
ty'irld could ba used as a buffiir and thui , 
itpn^ Wiwld not be r^tred Tlii tddU 
lion, a gf ftf^l^ a^knowltdged problem 
With the ERDi< program is that its shaf^ 
ly divided subpro^m^^strueture ftm lim» 



maJ program^ and^ihing it' to quickly, "^ it^ the developmeht of systems that 



develop hard ware aid t^si its ^asibihty 
What 4he poiiey has ruled oul-^^n- 
edly beeausa of skeptici^ from tj^ 
agency leadership and budget-cuUing by 
' the Ofl^e of Maiiagement and Budget-^ 

4 is the' parallel deyelqpfnent of competing 
concepts. It is, of cpu^ possible that 
the best^ndidates were not chos^ii ini- 
tially, but fltvenhillasi^r ml^t 
subprogram could be phased, out becau^ 
of poor performance by an ill-advised so-^ 
li^ concept. In particular, ft^y^res such 
as scale and t^ of application have 
been Ije^viiy inAueneed by the original 
choices for development, and there i% 
considerable danger that values derived 
from those choices will be the ones on 
which, engineering and economic evalua^ ' 
tions of future support will be made. It is 
just such considerations lhat lead envi- 

>ron mental! sts to make the chaije that so^ 
lar eperiy is being "set up'* to ftil. 

Commenting on th^ desirability of pur^^ 
suing parmllel concepts. Ma^in says that 

^ "it is not clear thai we^ould ndt be 
more' productive if y&r coklS ^ pursue 
multiple paths/* But he believes that it 
would be disruptive, if not politiJally im- 
possible, to sjlop listing programs. He 



seWe imi purposes at once/fuch as total 
eneiiy ^sterns that produce both heat 
and electricity with a considerably im- 
provement over the efficiency of single* 
puri^se system. The pri^i^m has only 
belatediy^begun to look at projects that 

donot fdl^q anyof the predefined'cat-7--tt'Wo^ld still be many^ decades before 



swept u^ into what%i ^eptm a highly 
pplarized debaii between jgn^onmental 
' advocates antf the defendtrs of coal and*; 

nuclear p9wer^ debate whose temfs. 
^are moi* Nearly 'philoSophiciJ or ethical 
^ ihmi oconomic. The one vi^w. hblds that 
%tpAsition pridominanU^ solar eco- 
nomy is not ^pnly feasible^ but Wfc^j- 
' jQO*— to avert climatic di,sastef from the 
buildup of carboh dioxide th^t would ac^- 
Company massive use of coaU and to pfeK 
Vent the danger of nul^lear warfare^ten- ' 
dant on the proliferation of'lh^pluto- 
oiuni economy. The other dismisses lo^ 
lar energy arid holds that coal and 
nuclear are essentia] on the irpunds that 
even if costs were drop dramatically. 



egones, such as solaf irrigation, whifch 
ERDA devela^ no sooner than did the 
state of Guan^uatof ^extco. / 

The organizational structure of the' 
energy agency, moreover, appears to be 
^t crossT^u^^p^s with nnany novel or 
noncentralized japplieations. fhe solar 
energy divifflon,lfor example, is effective- 
ly prohibited from working on communis 
iy»scale solar systems beoiuse the jgen- 



cy management has decreed cpmmunity- 
onented projects to be in the domain 

of the conservation directorate. { customed to making decisions on a life* 
^ost is the stumbling block most ofif iW^i 



enough sblar-heated houses and solar 
po^er- statioi^ ebuld W built to make 
any dent in this cquntry's huge and 
growing appetite for^ energy. 

But these tacticai pqsitipns obscure a 
nun|ber of things that tend to argue me 
importance of soiap eneiiy op^ purely 
ecoiio^ic grouftdsvai well as some sub- 
stantial ^foblems. One of the key prob- 
lems is that solar eguipmcnt tends to be 
capitaliirtfensive, withjhigh initial cos^s 
that are a deterrent loiconsumers unac- 



cifcd by solar skeptics, and there is no 
doubt that few of the solar options are 
competitive today. But current cds*l esti-^ 
pates are almost certainly deceptive, in 
the absence of a real markets Further- 
more, no one reaHy kitows what the 
costs of small-seal^ systems will' be be- 
cause so little researcii hm beer^one on 



^ys he has attempted to correet what^ them. The conventional wisdom at the 



may 1^ imbalances by bringirig in a new 
'^pup of managers (two of whom Just 
arrived this' ^nqnth), and by supporting 
s^me of the neglected pptions as secon- 
dary i,followH>n efforts when the budget 
allows. For instance, the fiscdl 1978 bud- 
get Includes S8 milfioii fbr^small scale 
windmills, Marvin notes, however, that 
, *yfdocsnJt^in lis tiWie^fost." . 

Another ^ioblem with jhe solar prt> 
gl^m has beeVi lack pf flexibility Jead in 
to too little integration of different sol^ 
technologies with each fflher arid with 
the energy .needs they ijffl^hl ultimately' 
satisfy. Storage is a pr^Tem with mai^^ 
solar systems, butth^p^gnim has given: 
little attention to apF|ltea^ionl in which 
^biomass fuel^v^ould provide the stomge 
element, or in which ttaa^ffTor storagr- 
is oi^yiated bj^ osing solar energy in con- , 
junetiqn^thMfather energy source, Sd^ 
lar-^J ^d ^larfhydr^iect|c systems 
offer 4antaliziftg possibilities forfcom- 
binati0ns ttat coiild approaj^|waround- 

the^lock power,^ and there is ^me eVi- 
'■: . r y ■ ff. . , , 



solar prognim planmng dfflcfe is. that, 
compared tp electricity at current prices, 
^ windgener^ors are competitive today or 
within a factor of 2 of being compejitive, 

biomass fuels are a factor of 2 to 4 ^way^ which must be laborfously asbcmbied in 



^cycle basis. Another js that^many exist- 
ing . institutional atrangements, from 
bCiilding codes to utiMty rale structures to 
federal t^x policies, discriminate against, 
unconventional energy sourqe^. But 
some institutional barriers are being re^ 
moved by legislation, and the prices^f 
m^ny solar components are' already 
drpp^ung sharply in response to steadily 
growing demand. It seems evidentahat 
the growth of distributed solar systemi.' 
for which equipment can be mass-prei- ' 
dueed, can be far more rapid than the 
growtii of centralized p<?^r^ plants. 



frOTn.a competit^e price, ocmQ themial 
^iwtr syslems,a Tactbi^ br#te%, poWer 
tdwers a factonof 5 to^lO, and photovol- 
t^cs:a factor of 2b to 4d away. The op^ 
portdbities /or pHce reduction >mong 

I these different techn^ogiei are con- 

I trolled by quite different factors, how- 
ever. Even the technologies for which a 
market does\,exist^hot ^arer' hiating, 

; for e^tample—do'^ot yet be%flt from the 
kinds of implicit subsidies enjgyed ^y 
most other energy sources^or the advan- 

vtag^ of masjs prdduction p^qi well-estab- 

riisfitd industry, , 

Probably no question abo^tsolaf ener- 

*gy is mo^ontroversia^han whether 1t 
^an pnie a major energy source in the 
near tewn'or should be regard^ (and 
funded) 'as a limited; long-range option. 
Assessments tffjlhis queslioh|end to get 

* . i R-88 : '■ ^ 
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the field, Frost.and Su^Iivan^a*^espected 
' market fesearcH firm, predii;ts t^at 1.5^^ 
million fU.S,^homes will ^e sqlar heated^ 
by 1985. The government itself may be*' 
come a major market for solar enet^gy^ 
^parimef!^ of Defense report done for . 
the Federal Energy Administration esti- . 
mates that a DOD market for up to lOCT 
mega^^atts nf photovoltaic devices a 
- year may exi^i at the pri^^ expected to 
prpvaij in the early I980's.^ 

Polrtical fortunes may also play a role 
in determining the short= or long-term 
impje^, 5olar energy, fared badly under a 
RepUbJican . admiiiistraUon. President 
Ford had mahy opportupjties to attend 
solar project ribbon cuttings but did not 
do so. ^Under his admmistratioL ^the 
OM^, stfenj^usly. oppqsed and nearly 
jutted tffc^major ^hon4erm elements of ^ 
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lib ^l&fimm^ *sotar pm- 
grMllf^hr d^inpiistfittio^ Ptpmp^u fori 
sdiyir Natin^ SRDA appealed ^ Pri$l^ 
diltt Foi^ tMl« a^^ bbseiv^ 
had thfiHAusfbrtdne to a^ug U& cait 
during a Wetk in whieh Fonl was pb< 

f^M^T ^ 0^tt p6Mm Ivgely ; prfe- 
yiyt^M-a ci^rtistancf that' apparently 
contributed.^ ubstantially to the reiigna' 
tidn of 'ERbA aisiitint admlniitrator 
John Tetm-^^d the propose^demoh^ 
■ stration p/ogfiini, nlodeit though it was, 
^as di^lfallsf cut back/ 
XThe gpvcmmehi pmgram is having 
some effict— ERDA's work on photo- 
voltaic s and wind J has sti mulated some 



pri^t i^ltn^t And jj^iie I^Kt fltM^f 
die fsvinintiirs prc^m^ihtrt appem 
to be E remarii^l^e ^nMint ormoR^ 
in §o|^ thernm] devices, wd^ burning ; 
stdvei andMilers, a^ othercoiApo^^^^ 
of a iolar enffiy Indust^. 
■ ARgr 5 y^rs qr^id but Mnevea df^ 
yeldpment, \oltf irieTO >s in need df ' 
rt aisessmeiiti The present federaJ pro- 
gram has been m much the product pf^ 
ihititutibnal happenstancf and various 
ttechnicai predilections^ it has been the 
product of coherent^plahning. In a broad- 
er perspective, the government policy 
Jipder Republican admifiistrntions char^ 
aeteriz^d solaf energy as a long^erm op- ^ 
[ tt^ coiApai^blc to fusion and the breed- 



f r, but in faclU has littit Jn comrnon with 
thest^^tentipJ leviiithi^tis. Sol^ i€eh^* 
nQi^m^JnoFe diverse,, and #yin thf^- 
rtolv wfiuk ^<tchncJoi!e^ as^ =. 

phdtovQltiucs« may b^)o$fr to^eom^ ^ 
mereial; realization. wlar •lyeh-*', 

nologiei^aiready work,, even though fhe^^; 
^st^A]gns' have not been found, lind v 
they are aJreMy fiicirig the ecohdmiV 
challenges that o.ther long-range pptidms , 
have yet tp%ohfT6nt. 1l is arguably tiiri^ 
to ^consider solar prioritfes and sNk 
whether the distributjon of research re*#^ 
sources aniong nuclear, fossiK and sokir 
options renlk^ts a raUonal^p^ 

Allen L,:Hammdnd and 
LiAM D,, Mete 
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BRUCE ANDERSON president of 
Total Environmental Action, an organl- 
^aiion of ( on^ullants, engineen, ^duca- 
tors, * J d 3 building designers in 
Hafrlsv! e New Hampshire. He is also 
the duUiLf of ^iaf Energy in Bunding 
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WIDESPREAD. U^E OF solar energy for heating and cooling buildings 
requires^ the solution^of ^ numbrer of problems other than those associ- 
7iated j^ith the teahnical aspects of building and>hiaintaining the sys- 
tems. In fact, many of the technical problems have ah^eddy beerf solved 
(see *'Solar Energy,** Environment, June 1 973), -but nontechnical diffi- 
'culties persist. The basic diffiJulty is that eitensiviuse of solar energy 
rt^quires large-^sc^ integration of new solar engiiy. syistems, ^raofiing 
from specifk solar compdnents to properly designed buildings, into a 
complex of existing regulations which includes buiiding mortgage cri- 
teria, property tax 'laws, building code standards, manufacturing re- 
straints, constmction methods,' ^ and labor requirements. =The 
insUtutions responsible for the constraints are generaljy quite conserva- 
tive and so fiir have not made major concessions "to the concept of 
solar energy as an aJternative power source. However, with the costs of 
conventional fuel rising, and with local and federal governmental 
agencie&^coming involved ^ith promotion of solar energy for heating' 
and coolin^^ the st^ge appears to be set for rapid development of 
this negle^Dted source of powgr for basic build/nl needs. 

An indication of this potential is that tl^a number or.buildings using, 
or planmng to use, solof power in the 'U.S^ has risen in the past' two^ 
yedrs_from a. mere handful to several tfiouscnid. Ray^ from the sun are/ 
being used for energy in government buildiijgs, sclipols, private hbme^ 
cnvironmehtar institutions, and commercial estabHshments. Based on 
traditional economic criteria, the cost of solar energy now often com- 
petds with that of fossil fuels for the heating^f bliildings and water. 

School buildings are particularly gQod stnacturcs for tlie*upp]ication 
of solar enei^y. In January 1974, in an effort to speed promotion of 
the use of solar ei;iei^y. and to shaw Congress some immediate results, 
thcij^ational Sciepec Foundation (NW) awarded four contract^ for the. 
construction of experimental solar heating systems in a higlii school, 
two junior lugh schools.^ and an elementary schooL The program, 
called ^^^Soiar Hneriy School Heating Auginentatian Lxpcrmfcnts,*' ^ 
, aimedu^at advancmg th^ systems technology tbf usih|i solar energy for 
space huatingyanth hut water needs of buiklings, and to provide ?]npQr= * 
tant information on the degree to which such systenis can be mude 
economically justifiahlc and socially acccptubic,"' 
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' jifw . iiokr equipment; iii w«« rf t 
t}ie four NSF-funded school projeiitsi-U 
7 ■ one of the moat praeticii] iand iihp^r-^ 

M^ny cxiatiijg buildinift, ilf U cirier to; 
v V re^ fuel cQ!niUm^Uoh^ |£i^Y ^^^^"^^^ 

I-. ; , : iiiiiilttloit;J0, the;.W9llt anil rpofil S^Ur 

-..V,: ,',t^ the biiUdifigs.^.'^/.c^' " ',. ; -r.^^ 
:0n« of l^f ijsWimtJpora^ 

imr t^e I^mjpyi;^ Itfu^ jUm^ifit^ of ; 
i : Qitaft«ill0; It rwas buufe; !!!?;/ 

T= ; ^^into &d :©|t >f : g ttt; 
house 'mti^^^ for^'^imfsibi^ 
loi ar h eptiiii;)! Power from ) the sunuii 
noiiFfOTg iused to he^t its ; 

.;Witerj jy^d;iti swtinmih|.J^ tQ' 
y . sctMa^e^i^; ii4*tid-Wiste 
t tern, w^^ thrpu^ ^a^er' 

V tdkti^Uott^ Sokf ekiifi^^ 

pQWtn an electric wnvi^ 

V foi;; television^ iig^s, radios, ksid pn^^ 
"' appUanc^s in, ,th^ house, and a 'solar^ 

electric 4 'Solar pUr conditioning' and^ . 
refngbtBtion for the home are being 
:~inst5te«i, 



F ifiaijc yj g piffigiiitfea ; > 1 

Qne difficulty^ in piovi^^ solaE energy 
systimi for private homes -is Uiat.i^oitt 
people prefer to have complete ipiir 
heating or ^oUng systems rathfr than 
systems wMch' supplement existing 
heating, or eooUngv systenm. But ^s^ 
terns which provide <^ 1 percent tsUr 
power are usually ^far tbo large and 
costly to ^ be praatioil ; provis^n ^ ojf 
solar^ energy £or SO to 75 percent of 
heatulig needs is 1i more real^tic goal 
for . most buUdings in most parts of the 
country. ■ ; 

Another problem fadn| the individ- 
ual homeo%her is that the initiiA^st 
of a solar'^^stem is i^ually higher than 
that of a c6nve^onal system. Home^ 
financing plans/ ^re not usually de- 
signed to encQjtk^e suchu investment 
even though lowf r he Ahg biUi over 
thr ^ hfelin^^f ' iwi ^ttenr - inaki^^ it :a 
sound buy. pinaridal.institutions could 
ease the difficulty by taking into %Q' 
count the long4erm benefits of solaf 
energy resultiflyi from lower operating 
and fmaintenan^ costs. At present, 
these, institutions are instead inclined 
to nepneen tiite inittai'^THitiUation • 
costs;\;It U ho^d that the ino^asing 
^st^Jpt bon^itidnal fuels .wiU^ c^use 
s m lemBng^ poUS^ir^^ ^ 
ly '^st anilyses have been done 
comparing the use of splar ene^y with 



the i^e: of .^fosdl 

dolprido State U njiveiiity arid . RiShard 
:T5fboutvof|^ 

; ^^ied put/ some of. thf most ;extinsiv| 
studi^ iA'/thU^area^-. T 
promisiiii;t^ Table i^ tn l^iirM 
lat^ns^v the or^ihal^ cost for 

solar energy { system, >'^uipmeitt 'was 
toirt Witf over j'r tv^ 
6 pei^^t intei^tr Inti the; seven U.^^ 



cities |tudied, projected solar heaiing 
cc^ts were lower than the coits elec^ 
trtc heati^ and^iiii some lower 
than Tpi heatiitg ^ ^stsl Althdu ih^ the 
^tu4y J dted hi^i uses reliable c(impari« 
SQiii lased dn^ j^resent fuel coits^ fuel 
pric^ are^ likely to r^ unpred: ctably , 
a factor whioli nmy M^ the fifults of 



the, study.'^^ r,^ . _ 

Other ^st^itimate studies^ whic^h , 
t^e into ■ account'^ eqii|pment';. t^ r 
ohly^ have Imd vmetf iesidts* IBrldii- 
Firb#;^ h^ of thrtsl^'^hergy'ilroup " 
of the University of Florida's Mechanii 
cal Mn|in€ering. Department ind on€;br-. 
the; wi^rld's leading authorities on solar 
en^^j estimates that equipmfnt for 
hiir^^em vfor; total solar heating and;' 
tooling \of - a house in Florida would 
cost about $5»00d rnore than conven- 
tional equipment. On the other hind^ 
another expert in the' fieldj Harold^, 
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iotf fef/ inanuftetiif ? f 4^P* 
Ittint ^tottid utiiitf Idcil ttbiWr^\^' s 



:Jlf(V^f^lif rjtt^ pC his flat watei^bcdrty^cv I 

wou^^ no tnprc Iban ihe^jftir^ 
'^Vi:^:^jrtiCie and. air4oii(Wtioiung jysteife'; it 

..•f "^iiiavii b0en intt rrifrfd * m ^k^rting i^bf ^ 
: t*^ 4i« ; tb^ 1 as pc^aftiii^ a > gpal ' ffequtftiiy ; V: 
.tocompatible >ith cqmprehej^ive iofer , 

y_ i'li*©,!-; may ^Sfs dtfftcuity 'in ,bbt4^ 

and ^ fdi ^f^ f^y^^'^ tlia f ii^ 

:!^^j^n$|dff 'i aliernative^^urti^i/oif 
v.- ^ Tnoie elderiy. people • who ;■ can af^ : 
^ ^ f©rd the high initial inyaitn^nt^^^ 

injgi a hbuip, but wou(d UJcteytd fte^ 
;i assumd. thit i thek ;fix^d^irfetireifient>y 
■ jncoihe wiU , not be eaten lip byjfefi , 
/ ei^aiing Cuei biUs^ may find Jhjtt^^lar 
, energy caih p^yi^e a solution tor this 
.problem. \A^mQ^ or lEhe cost of 

: ivittf^ <iquiproftilyalpi^ with, the 
: : Hcost oMhe^^E^' c^uid ap^ relitive^ 
V Vli^ istable futiftrT'hesUnf a^ 
^*^^*<^^enses.^'^"V^" 'v- ■'\'y ■ ^ 

" ^ ^The pdnh&etifcut , state ^oyemniAii 
\ has taken the; initiative 
: ; ; such ;;h®nsinf for y the v ^tderly^' In 
. V^ecember ^ 19 Governor jhomas J . 
■:Jr Miis]4U * 'annoUiiieed " a prbgram that 
J? weu^^lallow the_ ^ state io^ J^P^nd 

. ' ti^ritl f^fl^rai Ju^ds, on an experimwl-' >.? 

til pry itt (or sola^he^^ 
.: t^e eldferly^ Con^uctibn ?!^^ 

pUnned;t: '20 units will h[e vequipped *r 
.^wjtKi Wa^" ep^rgyi^^d^ 

lUppiementai iheat, and identi^l / 
, units i which wiU s^r^^^ wUl 
' i^iUze only^ cdnviiitionaL heaUniffuefe, 
- ■In this^aiy, the costsW th^^o sys^^ 
1 items can:' be cpmpaferf. In announcing 
i (her^n^am, M^ski^ noted ^ that averf 
1 ayge ^annual ; electric heating bills »f6r 
*de^ly people were' SI 92 in 1967. but 
-had ri^n to $380 by 1973/ Jn late 
J974, the NSF announced that it , 
l^ould fund the project's: initial plan- 
ing and desipi st'i^iesl ' i ' 
; Another Hn^cial coWsideration ' is 
that the ejctra empJbyjnent stimulated 
by the development of t^e use o^ solar 
^ energy can be a boon to local «cono- 
^ rtiies. For exarhple, most of the gas 
and oU used for hewing in .New Eng- 
land is shippid there froni other re- 
gions of the country or 1% imported. 
Annual cash outnow- for this purpose 
amounts* to ;billipns of cjpnare and is 
incjeaslng every y^ar. Materials such as ' 
^ gl^s "for solar pane^Is afe Ukely to he 
rnanufactoe4.^w^ ^U,S.; thes^ com^. . . 
ponents are inexpensive to prepuce but 
costly to transport, a factor which WUl 
= .niaXe- , local^-asjsembly - practicalv thus 
^iverting' money from foreign n^arkets 
^ to local economies. Furthermore,^ in= 



W^i:;' ^tiitC,tij|«^ ari'-^a|tdv:'.o^f 
fticypcrty ^lii^X higher initial ptt)pcrt y 
. co^/resiiii vis vW^W t*xeil U^erii^ 
the^JajW |i cncbura^ thf usi^of jot' 
Mlar rj^ergy in^homti arid ptheiVvbiyld^ 
ingi p ^esirable goalf butliMei^istfgjt 

^tpUed»v ihd ' dhangff; ;m ^ flMti^ 

^difficiilt. \' > , ■ ; * 

> - Indiani has^^fh Jleai in ntcitfi» 
tying , thi^ situation b^ of f eringU r0al 
ei^te -bi^ Tor Juang ■ sojair ' 

/energ^i Minipohiflfc^ in ^Mth -new aha 
^fkistinji^ui^^^ w^v 
"^0 be dteteroii^ ^ubttactingvth^v 
\ ^yal'ue/. of the sbl^ hiati^^ system from 
^ithe .total yaluatiori^ joti fiy subtracting 
$2,0^, rdepehdii^ \oh wjueh jnethod* 
^givesr the . greater^ irem^iling ^taxable 
vy^ue, ptheristate^ Wiciudihii Arizdria^ 
■Cillforn|a> and New Y^rkj now, 
considering this apprbaeh; ^ ^ , ; 

Other^ incentives \fQr solar .energy, 
systems, - how ^ und^r consideration by 
the fed^kl gbvernmerit, ^re low-inter-, 
est, iO>mrnme]tt^ubsidized loinS/TThese 
loans ^uld .be made bpth to building 
boners ' and , to manufacturers, The 
^Department pL Housing and , Ufhan^, 
Deveio^nient M developiiig ^interim 
solar energy design criteria for homes 
financfed.by the Federai Homing Ad^ 
.ministration and may jnsu^ homei- 
jrapjoyem^nt Joans for, t^^^ inslallatioii . 
of soiir efljergy ah existing homes. In- 
come t45c wtite^ffsjfor solar-powtred 
systerns^a also being coBsidered in 
Cof^gress,' jueh deductions would be 
based on a piircerif age^ of the in^talla- 
cost of the system or of the ener- 
gy savinp made possible by^ the 
system. . 

Design and Manufacture 

One of the,inain difficulties in ^ti^e* 
sign, manufacture, and ; marketing of 
solar systems is.the neeessary combini- > 
tion of good' performance, long-lasting 
materials,, and economy of operBtion. \ 
The designer'must have a sophisticated ■ 
understanding of Jhe workirip of solar, 
energy in otder to ay@m the , g;tfalls^\ 
which have been disco^eredJ in th^": 
past. In most instanceSi^he system'^ ^ 
design must fit jnto the disj^. of an i f 
existing building. The jie^^ry re- 
search and teiting are ex^kisive and 
arduous, many architectural and 

engineering, firms ..hesitat^'^ to inv^t 



v; extra jipitf'ihd^rfoh^^ iii that design ftf 

V Vsol^( ;^itfrttf artrfr iulldihis. vThose- 
; ; flrmi ; which db tdcf ^ dtt; l^ch pr^ectp. 

V V bfff rr Jpnd it othtf ' 
■ sfle^iioh isf v^i^^ the last 

possible monientl 
^ cdhstantly . b^mg develpped, and 
mBM^ mi^^roductionf of cbmpon? 
hehi? is l^^ng cosrt d^n. ' 7 : . 
; Manufacture J arfv motirm ihore,' 
^ : qui ckly tQ_ clo ^v the .pr ey t Sga p be- 
'"f^weerrtfie a^ ilniipd^ solar 

y cojnpohent| and t^ fthem 
J^^Th^^fe.Jaifi^t^^U^^ I 
■ ienoi^iy ' InvOftrid tn th^e , ^^op- < ; 
;iv jr^irti; aji|l sevfm^ others, vdib ^ 

, caref 1^1 de- 
mand for solar r 'eR^^yT^^^feg th^ 
iiitvestinents , Jrf " 
;>4uiiStion;:'io7tl^^ .Me exMlng 

;yriiaricet;Whow^verJ is :^^ented;^and * 
/'he^f ^maflptSv he^<^ l^to diveloped; ^ 
■ . MahAfa^^turers' are j juhdersfendabiy * re- ^ 
> luctant to:3took4i^^^S|ernb^f- line^ ' be- ^ 
^ fore 'adequate ^ pbmii^sj demandT 
develops, but this J^ini '^^1 devefcirment 
is not Ukely^to tikf plice u]|tif .h^- 
quaUty solar colleatbrSi are made^vaU-*^ 
able ^or sale at reasohabi& pn^aV ^' 

Agenqies with th6 fundihg power ^ 
necessa^, to promote solar energy 
|ign?iSueh ai therNSF and the Bnergy \ 
Research and Development Adblnistra^ 
. tion . (Ei^D A),^ are , 4^ to 
train the needed contractors ^d tich- ^ 
inicians. This reluctance adds to the * 
shortages found by interested designers 
and /^nanufatitWir^ in thbir efforts to ^ - 
^ lideyelbp^ soJi energy industry.- ^ ^ ' 
r Orgiriiiatiphs are no^ being fonned ' 
to ^ aid mahufacttirers int^restelHn sol^ 
epeiiyi The Sotor finely. Indfustrt^ 
Associatibn, eompriseil primwfly bf 
TnaMufa&titteti - -vt^i Jorgaiiiz&Si;in f973 ' 




OytfBni^Mltnois hb^i to mmks thmy 
pfilUive vytth fssiU i 
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xif "itimitlatii prompl^ orderly ^: witffi- 
;,ipreadi arid ci^n : growth of ecohomip , 
utUkatfOji of i^oiar ehergy." It^.^^ 
fbrmad in boniUndtioii witK lh|. W^sli- 

search wdj Information; ?Gen^^ 
"spec^lalty s^rjvici iorpniiaiion divoted , 
i/ixielusi^ly Id assytilig ; pirstfnsi ;eom* 
■IpajiigSi -goveriimsiits/^ asiojplations^ and 
'qtheV; orgai^^ati&MV*^ i promoting the / 
of solar , energy:. ;t 

thr "Sfclar fene^y Washington Lett§£"U 
and th&' "Sptai Eneriy Indtietry Ra^ ; 
port /Vpther ' stfrvicep^ off iftd^ **1?8- 
isktivf .^hd/rfguiatory Ualson, special 
reports^^and^nsulting.** \ 

pd-It-YoimrfJf ' a; 0 

Althdugh; 'a iajgi numbtf of solar coh 
* iectQ'rii ' may soon be ayailabli / from 
maniifiSturefs, custpm design and" oh* 
Mt# construction of solar collectors^^ill 
pfob'ably remain via^lf arternatives to 
the. use of finished solar, designsi rFdr 
: example, Arthtir Cettori Moore ;:'and }: 
.A^QCiates _ai Washington,. 'has 
iidsigned a science building for Madeira \ 
School in McLtani Virginia, whiph has 
a total area of 8*000 square fept ^d 
a 4,0pQ^quare-foot solar ie©!l|ctpr. 
^The preliminary plan «^lls for^iolar 
^ \„ he^ Jon ly ^ Aike most solar tntrgy^proj- ^ 
. ects^ the plan has two parts; The %f list 

task is to design the system with avail-^ 
s able off-the-sheU" components in minii^ 
fhe second is to contact manufacturers 
.^ho have equipment ^,hich\can be ^ 
|mitabiy^^apted to the design, 
' ,ijowever, one of . the primary diffi- 
culti^^^ith on-site conslfuction is that 
a ^^t number of designs have been 
ga^nted< Deigning new systems is 
^expensivej and, at preseiit, there are 
pnly a few designs for sale to those 
^ho .wish to build .their own edi- 
ble c tors.' Nevertheless, on-site con- 
struction ^buld be cbrisidefed because 
* of the- present difficulty in obtaining 
commercial solar collectors. ^ 
Construction Bartiefs 

- -■ * . ■ ■ ■ ■ 

There ,are several other potential prob- 
lems ctentered in the hpusing construc- 
tion industry and in the lav^^s which 
regulate it. The industry has^ a recdrd 
of p fexcruciatingly slow adaplation to . 
change. partiLularly when change 
means higher construction costs. There 

- are thousands of builders; thus, the 
industry is highly fragmented, with yO . 
perceni of all constr\iction work done 

companies ^ which produce fesvep 

100 units eac4 per year: hven the < 
St building concerni each produce 



Hwthan 



O.S' percent of al! hu using 
units/ The prbfit rriariin in this rnUus= 
try is already ^smaH, and innovaljim in- 
a f^-st^cost-oriented industry ^uch as , 




^ ioiar keatirigVan^ sOciUni ii: a risk 
which few builders lw^\taki Fb«iin^ 
= ;ateiy,' tjhe use pf^sdftr^erie^y is beih^ 
tried^bv sqme\ ^ii1|af Eoh and, diyelop- 
era t6^§vqke t Jritereat^ oA/^ 
H developmente, in^ iflw^^^ 
, 'bring Jnereiiaid ■i^Wi dutti^:\«pfssi^^ 
' ary periodi;:;,; '.''^ //;';V''i^; /' \ v/L":.'°i 

BuUding eodei d^i^^d b^li for 
'^safety md buiinpa piir^bse^ are 
•"prese^iy::^but, 30^00 difierent huild- 
^m g (fO di^migdfe^ 
iriany' br which 'have income 
patibl^ requirenie)his,\ ^ire codes are 
the qiies most likily.^t& affect thrim^ : 
rplemintation^df solar eiteriy^ these 
codes are relevant tp Jiuee* of the com- ■ 
pqnehts in solar energy systen^. dne is* 
-the heat storage ^ysteml Paraffjn is a « 
^opd heat storage , materia! for possible . 
^ise in these ^sterns, A§ it mel^^ paraf- 
■4ih stores large amounts of ^at, arid it 
releases that heat as^it solidifies:' How- 
e\^r, because \.of paraffin's rtamrria-: 
bHity, mmB ffire codes may not 'atlpw v 
the' substancet to be u^ed inside 
buildings, A ■ ' \ 

. A second cdn^pneni subject to fire ^ 
> cpdt regulations is the solar collector 
; cpver^ plate. Unbreakable piasti4^ and " 
fiberglass are alterriatives to glass for 
.use in , cover plates^-such productiuar^ 
generally Igss smoke- and fire-re|i5tant 
4 than glassj but Mnce the covjr pjatts ^ 
af^ Installed on the ou.isides of build- 
vfrtgi^ the problem' would on^ present 
itsetf in the case of extern^U fires. . 
The third component to considerjn 
I regard tb. fire ,cbdes is *the material 
used for insulation on the back sides 
of solar 'CpUectars, Insulaflon materials 
include fiber glass, polyltyrene, and 
polyurethane. AU insulatAn materials 
are genirally in relatiyeiy elosi contact 
with the solar absorber plate, which 
can reach temperatures above* 350 de-, 
pees F., and many matertaJs can nieii'^ 
or smoke at these high lem.Deratures. 
Trisulation should thus be' %pjraied 
from the absorber plate by at least a 
three-quarter-inch air space and should 
be faced with reflective Ml. 

"Health codes must also be consid- 
ered. These codes cah a^ly Ajhen 
ethylene glycol (mixed with wnyA to 
prevent freezing) iS' ^sed as a i^t 
transfer medium. This chemical cm 
-contaminate drinking waicj,, and pre-, 
cautions must bt^taken to insure that ' 
leaks in the system are avoided: 

Still othC^ building %*odes Ynay limit 
the use of ^ solar 40.^^,^^ A licigiit rc- 
strietion tyr buildings irt onc^ ^rcu along 
t^ic shorchnc in Long Islaniif Sound in 
Coiiliecncui has rL^ulied^in an urtianui- - 
inr but pleasunt buikliftg design for a » 
solar home, Tlus titi'C'^-btidfoonL ycaf- 
round rus!duuce7 ' c[yniplc!eLl 111 l*?74, 
was designed to obtain hO j't-rtfiU of 
iE^heating energy ''r^turyineiu^ irom a * 





C0iifletbf urilt te bt.^ii^d tbii/^df /of 



modular flat^ plate collector system de- 
signed by Everett Barker, Jr,f and sold 
by Sunvi^orks, Incorporated, The sys- 
tem was estimated to v^dst S3,5QO 
more than a conventional heating 
system j but it 1ms cut fuel costs from 
$600 to $3m^er year. Eoning height 
UmitatiQ^^rfquired that the roof be 
low; therefore^ the three south-facing 
collectoFsf are arrayed in a ^wtooth 
fas^hiorii an arrangement which also ' 
provides clerestory Ughtfijg for the in-^ 
terior ^of the hoipe, The^jotal area of 
the solar panels is about 20 percent of 
the ,home*s* l .^O 'squaie feet of living 
area. Other energy-saving features Ln 
addition to the solar heating system in- 
clude the sizing and placement of win- 
dows to provide for maximum natural 
daylight and ventilation. The overhangs 
above the large window areas reduce 
the sun's heat in the summer, but are 
built at an angle which aUows the sun's 
rays to penetrate the house during the 
winter. Solar oir conditioning will be 
instaj^ed in the house in the future. 

Sun Rights 

Architect ural agreements allowing for 
unobstructed exposure tcf the ' sun's 
rays may be necessary as' more build- 
ings begin to rely on solar radiation as 
their sotUTce of energ^. Legislative steps 
may Jiave to be Haken to guarantee 
that neighboring construction and vege- 



This new sofar home it lee^hla State Fair- 
grsunds ih Csiumbus^U the flrit in Qhis that 
U5e§ ho! water, cgQting and hiating previded 



mi 



igftBiMWi^ p^orf^ glM«vcre^ ^Ue^^ may af fro 

^ Mattetapttag to prpyld© dcitriaiiSj, drii^, 



wiU iiQt*:Trii^^ apfji^ih tEi la^e ex^ 
from lii^^Bmj^^ri^:; has not ^uaUy 'i 
. - the aff€^/;S^^s isv^^ as ttot ek^ 



^le; use of sbjar ^n^gy 

. L Id? interfej^^ from new ^ buildihii or 
\ y ;firom shidfe > t^s. ], ; ^ ' ,■ ■ 

Xn -e^tpf^^i W; l^KtinptoanCi .of" 
j^tp ii^own irt tto design devel 



r^ipfe^iml'^ building. \lt in ; beiiig dt- 
jyfAed by Jft^^essiiieQ; F^^ndal Co^ 

m " 

ft ' 



Itipe Pisa^iBa^^ At 

ititalUd^on; thf soUth W the taUest 
^lutding, but the i^nir^solviid threat of 
^p^ldbi^v tMflow^^ 
s^i|€tlon' Ifd t© ; a; moftop eolleW 
' dedgn« \ ' s 

^he possibility ©£ vandalism of the 
sparent cov^ plates of so Iar €oiiec- 
tors- his bealg of gj^at concern to de* 
tiipieni^ liid potenti^ buyers of soiar 
holdings. Howjiver, ov^ the 30^year 
hiitory^ of thp ; usa of solar energy in 
the U.S., which saw thaVompletion of 
approximatebr^ 25 sotmr entisy projects 
pricff to \96$^ vandahsm has not been 
a problem, ©thef aU-^^ buildinp 
have ilkewise ejtW relatively 
inlnor imficuitler^th V^hdaUsm; ^ ^ 
Another , jpherent drawback which 



the su^i 




Ilia Futuii 



In- Idoktog ali^d, it a^are jlhat the 
use of •to heating and 

coo^ wiU^^^^ haye quickest 

^cce^an^^ wjKe^ eUmati^ aje , sunny :i 
8h4 temipr^^ perm^^ §ppU0a' 
tion of ^laHeneiiy during a laj^e part 
of the year/ and whin ^nventiohal 
fuel costf ate i^^^ or higher than 
the ttjit of/ usijig ene^y. Sol^ 
heating ^/also ibe u^d effectively iiv 
areas where tthe 'winter are long and 
^Idi but i^iw, as these areas have ^ 
p^it dem^d for heati^ fuel and have 
adlqimte ^unUght^ fo^ optimal use of 
iobr ene]^. * 

The cppr^ation of supplemental, 
servioai by gas and electric utility com- 
pani^ ^1 be ind'eaimgl^ important as 
solar buUltflngi in iii number Fof 
most.sokr desipis, the peak denmnd 
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• ■ on the utilities wiB occitt after 'knv^ril 
sunless da^, This demand would ;ie in-, ^ 
lehiiflid the r| were a coiTfipflnding' • 
j peak denand on the utilities' by other 7 
: c^tonbis : in the service , territdry. , 
Tji^^ pot oflly^ would tjif homeowner 
5, required to^ initall g fuU^pd rton- 
backup system, ; but the utility 
. eqmpanies would , have to hgve ex&a 
generating i^pactiy to meet occasional 
peaks/ In the. past rix 46 twelve 
^fflomthtjrTitility^om^ 
t^oountryp along wth several federal 
)^agehdes^ have shown an iricireaied^ri^ 
Lclination to search f^i solutions to faiisl 
future dilemma. The NSFj fiRDA, me 
Federal Ehei^y AdnUnistrttfen, and 
the Electric Powft Research Institute 
M i^^Jimding research studies relfidd ) 
^;th^problem. r ^'.^^-^ 

"" Another im^^rtant < cpfssideraUbn Is 
that the use of ener^ for spice heat- 
ing, hot watg*,'' refrigeration, and air * 
conditipning accounted for 1 1 S per- 
c^nt of t^i energy consumption in 
'th§ ifl*1968. What is mo^e impres- ' 
sive, the^e applicatioi^ consume d 28 
percent 6f the eneigy^ used for industri- 
al purpbses and 76 percent of the total 
energy i&ed by all commercial enter- 
prise^ *^ J / /: 
^ ^ wide press average and 'greatly in- 
o^eased gover^mehtal legislation and 
funding indi^te that ^ js . iiiteri^i . .cont : 
tinues to develop, mUhons of people 
wilj be participating in the use of solar . 
ene^y. It is possible that future use 
will exceed even the most optimistic 
predictions of tfie speed with , which . 
splar energy"' wiU ^ediwe the need for 
consumption of other forma of energy* 



The title of this article as originally 
submitted was "HeKe Comes the Sun. '' 
The Publisher and Editors of Environ- 
ment are responsible for the published 
titles and subfitlesl * selection of photo- 
graphs and lead-in exderpts, photo cap- 
tionSf and preparatioh of most graphs 
mnd:^ i I lustra tians which appear in 
En viro^rAen t^rticM. ^ 
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1, Natienal Scisnce WOUff^kUan news release, 
Feb, 1974, ^^S^ 

2* Tybout, Rlehard A*, ind Georgs h. Uo|,^ 
"Selir Heuio Helitlrig/* Nat. R^iour%9% 
Jeu/., 10{Zf:268-326, Aprr 1©70| Ldf, 
Qeajge O- G,* and Tybsutj '*ceit of 

Ho^iSa Heating wlt^ ' Solar Ensrgyi" Solar 
jf rrirgy , . 1 4j 2 ^ ^ ?f 7 g 1 i 7 3 ; _ LO f , . G i o r gs . 

'and ^, A. tybout, *'fhg Dsiign and 
Cg^structlvi Of Optimized Systems tfof Hesh 
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jine^5^,*»,Selar^pnargtf; ISie li,, Aug* li74. 
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Sclentlftc Co», Barrl^igton, N,J._, and Zome^ 



w^rks Corpsratlon^ 



Ququerque, N,M, 
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PROSP^OTS FOR sbli4R RiraROf 



v.- 



on grows scarccr/and 
nuclear power bocorqes 
cpnlroversialyfBu^^nsider 
wwW basks/mlan in 
poweKxvltflough the 



ejcpensive . . . 
asingty^ 

ha lun. The ' ' ^ 
^tible source of 
ology for using it 



hardly exiks. At thdCmoment solar energy is 
a field for vi^onafy ihvefitors and 
ontreprcneursSipping to^^^ld the Model T * 
that will give birth to a new industry. , 




lining, but Detroit and Con >^Edi son and the average 
homeownqr learn to conserve Irujy vast amounts of. ^ 
fossil fue4s. In this ^ay, time is bought. . We use It to ^ 
turn^ not to rfew nuclear reactors, but to "benign*" 
renewable sources of power and heat, and^we end up, ^ 
in about Jp^y year^t living off Our "energy Income'*: 
chiefly su^shin^, and solar prod u^ct^Uko t he winds. The 
technologies employed then are*divifs§, easy to under- 
^*stand, safe, r^atiyely clean, antf a invulnerable ia 
natloh-c^ippllng accidents and. sabotage because, for^ 
Ihe most "pari^ they are deployed at the community^ * 
Jeye^.. As a , consequence, democracy grows 'slrongen 



ri October 1976, on the.^ve^f the natural gas 
, shdrtage|,' a twenty^nine-year-old ^ physfbist 
named Amory Lovins ^^Mislted in Foreign . 
^^^frj a treatise called *'Energy/Stralegy; The Road 
Not'' Taken?" Since then, ihi Ijovins , article has 
becomft ^rocthing o^a focal pornt ftr the debate over ' 
nation^ energy ptos. f / ? ^ 
. Wd^an travel into the )future''Qn one of two patha, * 
Logins writes, The one generan^ favofA by, U.S; 
pdli^y has the natipn increasingfenbrgy pRoductioh in 
all possitfic ways,, but mainly throi^lkexpioitation of 
fosiit fuel^.a jd otd-fashk5ned ffdclear ft^ Later, in 
*'the*^era beyotfd oil and gas, "Worn e larg^sc^le, ''ar- " 
\ "cane" energy systems:) breeder reactors* nuclear fusion 
devices *yfit to be f^jly imaginedv huge iSpace st it ions 
gatheriflg teldctricity from thcjtun grtd beting the 
juice taciirrtf* in ct he, form ormicfowav^^l^o\^ns calls ^ 
this 'Hli'e hurd path!** In Lovins's view,'iwp a road wit^ 
_=idicei sofciaLcdinsequencesueM^ 

home, £^jronmental degradati^* and several kands of 
^ catasLropttes ^ssc^at^d with ur£num. • ' 

\^ We 9an fiolldw^the other path, "the sbft path," 
/ Lovins contjnuesv^y engaging in a new and ''elegant 
, "frugality." /Th§ ^^»ftr^ miiintairis it% standard of * 
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Our energy suppliers are no longer "aliens and poration; Westinghouse/GE, Thompson.^ 
rembt^'^Loeal aiflonomy Nuclear reactors ^ dridge, Ine^ (TRW), iJid the National Science Foun- 

are nONl antl^ues*and'at last there is a chance for peace.* dation ^re some of the &rganizaljons that have looked 
among fictions; Lpvlns argues that we must choose one ' into the future of solar energy. The House and thb 
path sc^n^because the country lacks the material and Senate have hM hearingi; the collected volumes of 
spfritual resources to follow both. . , " testimony on this subjeet generated ty^ust one Senate 

Lo^sls^scheme^fcrr-a^'soft— e 

^aTOsk A forty-o^e-year^Qld solar architect narped 
GorAn Tully, holds ^thit solar technologies will have 



= . largely on an optimistic view of i^r technplogies. It*s 
a .faith that many share. Surely sunshine is the most* 
!*bnticingpf energy sources. It can be "mined'' in ways 
that appear to be harmless, and there's more than 
cnoagh to go frbund. Contemplation of the sun*s 
power leads even respectable scientists to grandiose 
hypotheses: one physicist has 'calculated that if we 
could^^convert to mechanical^ power all of the solar 
mdia^Qn that strikes the Unked States in just a day, 
we^ould lift the pjntire Republic— and the 1000- 

^ meter»lhick crust it sits on— d'bout three and a half 
feet into |he air. For those wh^feel that mankind must 
^fihd a way around plutonium, who wince at nevfs of 
each rtew gil spill, the sun is today's messiah. I pickup 
smaH-towns newspapers and collegfc alumni bulletins 
and^again and again I read of people who have discov- 
ered the guiltless joys of using solar energy in the 
home. It's the self-reliant way. It 'I the way to harmo- 
nize w^ilh Mother Earth, while keeping the Arabs out 
of Fdrt Knox. But how much energy can we ^^t from 
"the "soft^'^ solar technologies, from such^ things^jis 
windmills,, solar ponds, solar space, and hot-water 
neatmg syst^s, f^orti rooftop arrays of those marvel- 
ous photoceffs that make electricity from sunshine? 
And how joon can m get it? What U the real iha^kfct 
potential of these technologies ? 

The Office of Technology Assessment and the'^Stan- / 
ford Research Institute, the Energy .Resfarch and. 
Development Administration (EKDA), N|itre Cor- ^ 



,4 cluster of zomes, Corrales,' Niw Mexico 



c6me of age when the thermal energy produced by ^^H 
the solar collecting devices "in the^United States 
equivalent to the thermal energy that would be 
prc^uced*by burning a|l the solar studies. Out of this 
forest of paper come many conflicting predictions. 
It isn't surprising to find that there is no consensus 

f on what can, be done wilh the sun, because there has 
been little hard Vesearch to goV^th the studies. In 
1952, the Paley Commission prepared* a report for' 
President Truman called "Resourqes for Freedom." It 
was a prescient document. It warned of Cuture^oil 

• shftrtages and of a growing dependence on the MioBle 
East, and it recommended "aggressiye research" into 

■both the "'peaceful atom-' and'soTar technologies. But 
successive admin isl rat ions _a only 

' half that advice. From 1 953 jo 1973 the U.S. govern- 
ment spent some $5 billim pn research and develdp- 
mpnjln nuolear energy, but less than a million on solar " 
tefc^nologies: . * 



Gf 




[ove^rnment spending-on solar research did not 
begi^ until 197^, after the* Arab oil embargo 
and in the midst of growing protests against 
nuclear power= Since then, government financing has 
dome on strong, thanks to a genially enthusiastic 
Congress and, more recently, to the Carter Adminis- 
tration. In fiscaKyear 1978 the government will spend 
a record S36S million on solar research, development, 
;artd demonstration, and the subsidy will be stiil larger 
^ if, as now seems certain. Congress goes along withMhe 
President's plaif to allow tax credits for people;: invest- 
ing in solar^heating equipmGrft. Meanwhile, howevar, 
aboyt- $3 billion will goMo R£p in nucrcafotechnolo- 
gies, and thcMion*^ share oPthat will be spent onjhe, 
breeder jeactor and on -fusioni which face futures at 
least as uncertain as jiftse of most solaT/technolo- 
^^^^^^^ » ^ . 

The dsual explanation ffcr this apparent double Stan* v 
jdard is It hat solar technologies simply flon't need as 
much money aSfriuclear ones. Energy burcaucratS|also 
say that'the infant solar industry isn't I&rge enough to ^ 
absorb more money than ^t's jettjng. But many 
disagree. Henry Kelly, a thirty-two-ycar^old slafl^r in 
Congress's Otfice of Technology Assessment, has 
helped to draw up a study, of possible approaches to. 
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solar enargyv The lisl is»huge. 
body who says more rtiohey cai 
•technolQgi^ isjUit wrdng.'' 

In general, the strongest barriers to larger^ useful 
lnveitments''in solar energy appear to lid within the 
gove^ment Itself^ Soon to be aisirnilate^hto the new 



Hjl cbncludes, *' Any- 
" ^ sp^nt: On soitfr 



^eparimeni oi Energy, fakU a has b€en*a true child or 
tiie old Atomic Energy Connimissioni which it replaced 
several ye^ ago. The present attitude within 
ERDA has feen that nuclear ^wer is the only 
pcgsible answer jo the country's fu- 
ture energy needs. Meanwhile, so- 
lar technologies have been 
looked on as small^contributors 
at best, and at wo^st, as 
countercultural toys. More 
than 2000 of ERDA's em- 
ployees are involved in nu- 
clear programsi and a mere 
100 work in the solar division. 
ERDA's^ hierarcliy and the 
Omce fff Management 
and Budget, which 
. _ „control staffing, have 
kept the solar crew 
small, and this has made it 
difficult for the division to 
spend its money wisely. People 
ltLthe-^dar_divMQnjalk^b9ul_. 
working twenty-hour days. 
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They admit that they aren't able to monitor properly 
even the! r'exi^ting programs. 

_ Space and hol^wa^er heating are the most readily, 
pr^^icaUe of all the solar technologies. Government 
projects, along witt^the Arabs and the brutal winter of 
1977, have created a boom in the craft. In the early 
1970s there were only about 100 solar-heated houses 
in America. Now there are several thousand and many 
np^ore on the way, and it is certain that there ^re even 
more people working on solar heating than there are 
solar-heated houses. Professors at more thai^ dozen 
uniyersitiea and something like 550 com 
large and' many small) have entered the competition. 
It seems the public has been aroused; the government- 
sponsored Splar Heating and Cooling Information 

* tenter has been recervlng about 3000 phone calls a 
iveek from interested citizens. 

About a qiiart^^^^^ used in America 

goes. to heating buildings. So solar heating could be 
signi fidff n f: B u t' ho w s ign iflca n I ? I s Lovi ns righ t w he n 
ha^ says^that this technology is "now available and 
econpmi^l"? With those questions in min^, t went 
out in the spring and summer of 1977, into a faw^ 
regions of solar-heating land, to see what part of the 
future was there. 




n^iinpbrtant mpment in 4hl history pf modern 
sol a r- h ea t i ng tech nology occu rred in V9 3 9, 
. when a team of MlT, etiginlaerst led by a 
, yQung assistant professor named Hoyt Hott^K built a 
imalr house outside of Bps t<on amd fit ftd Jtr^u t w i th a 
rbortop "flat-plate**^ collector. Copper pipes were 
mounted on a copper sUrface and the whole thing was 
.covered with three layers of glass. Water warpumped 
through jthe pipes on the roof, heated there by the sun, 
tWen lent to the basement into a large steel storage" 
' tanki Jhe heat was transferred to air and finally circu- 
lated through the house , by a blower system, as the 
need arose* This ^s the prototype for most of the 
. .'*active" systems on the market and in houses today— 
''systems, that is, in which air or water, moved by 
mechanical means, carries the heat around. (In a' 
"passive** system^ j^rts of the house itself collect the 
heat, which ii distributed with little or no help from 
machines.) , s 

The first MIT house was nothing more than a labo- 
ratory: Hottel used it to establish the basic engineering 
principles behind solar collector performance and was- 
so meticulous that his calcujations served to correct 
the Weather Bifreau..That first house worked; Hottel 
was |ble to Use summer sun to heat the building in the 
winter. But the storage system was huge, "an econom- 
_ icjnonstmsity^ according to Hottel So his^team built_ 
anothar house, this tinaa using a south-facing wall of 
water, a more or less passive system. But they weren't 
able to insulate the window well enough after dark to 
keep heat loss ^t a satisfactory level. So they went 
back to active systems and buiU t^o more hpuses, and 
in 1962, after twenty years of experiments, Hottel ^d. 
his team "shelved** space heating, "We had gotten tne 
data to know it was unecopon^ical at the time." ^ 

It is. May 1977, somewhere near the end of the era ^ 
of cheap oil and gas, and Hoyt Hottel— MIT professor 
emeritus, seventy-four and white-haired— sits in his 
office before a large plate-glass window, looking out 
on a corner of MIT's labyrinthine carjipus.. He is justi- 
fiably proud of his work, but grows dour when he turns 
to the object of all those meticulous bxperiments. He 
says ttiat over the years he has watched the costs of 
solar space heating continually hovw above the rising, 
costs of corrventional heating, and although he allows 
~ t h a t the sol kr a pprQach may no w B^e al rrfbs t com pet 1 - 
tive with expensive, inefficient, electricaUresistance 
heating, he bclievei it is still much mo costly thSn^ 
' heating with oil or gas. 

- ^ A consultant from Arthur D. Litile would tell me" 



"^racy Kidder U a free-lance journalisi who often writes 
about environmental topie^ 
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• Tinkering j\ph Sunshine 

one often hears on the seacoast north; of Boston. He 
deicri^es :himself as "a tired old optics jman." "The. 
.electromagneticspectrum is one of the grandest things 
in the unive^q^^^ told me. **rve spent most of my 
life workint,in parts of it, so it^was very easy for me to 
get into thi^ field, and^I did it eagerly*." For about 
esGrib©s^...^thifteen^yesr^he— woFked-jn^optic^ 



' later, >'Hott§L hasin't 'heard bP the oil ernbargO." k . o 
prominent inventor of passive systems would say, 
"HottePs a maii who bought a tickai dd a horse ^nd 
threw it away before the race was oVgir I^ow he caHU 
bear to think that his horse nriight come in." Hottel, for 
* his part, )^s said that solar-heating enthusiasts tese 



' their reasoning as follows; "Solar energy has to be 
^od thing. . . . Out *of th^ window with embar- 
rassing negatives; made up my mind." Hottel 
doesn'l say that solar heating Won't become important 



Polaroid. Then he came to Harvard and ran radiation 
security for the atom-sng^asher, and when his duties 
ended ifhere some five anfl a half years ago, he took,up 
solar Iibating, thinking at first that he would spend his 



~^ - . sometime in the fitjure, but he^ys that a futur^hich \ time^^nting. He still keeps^his hand in, but he found 



includesjt isn*t bnejOsanticipa^ with relish. "1 think 
you ha've to say that when solar energy does become 
important, that \^ll be a measure of the faci^that we 
are not living as affluently as we do today,'^he told 
me. "Because by present standards, it is by no means 
the cheapest way to^get energy." ^ 

There is no disputing FftttePs central point. No 
source of energy, whether it's sotaf^r nuclear or 
geothermal* will be as cheap and easy to grasp as the 
Stuff we've been using these past 100 years. But it's 
becauseof this fttct that solar heating now looks more 
practical than e^r before. To some, in'fact, this is the 
beginning of its exciting, even its romantic, age. 



o 



^ n the other side of Ca'mbridgq from MIT, near 
the now-defunct Harvard cyclotron, there is 
^ little office cracnmed with books and arti- 
cles on solar heating. In the filing ^binets lie 
hund[reds of letters from well-known and anonymbus 
solar nvventors. Everything is in order. The si^e of the 
office and the complexity of the subje^^ make ordtfr 
mandatory. William Shurcllff, a sixty-eight-yeAr-dJd 
honorary Harvard research fellow, .studies other peo- 
ple's inventions in here. He is the preeminent 'cata- 
loguer of solar space-heating brainstorms, the author 
^ of Solar Heated Homes sA Bnef Survey, which he has 
taken through thirteen editions in the last ftve and a 
half years. Shurcliff knows what is out there, if anyone 
does. Visiting him one day, I remarked that a friend - 
= who was building a solar-heated house had hit upon 
jLhe idea of improving his collector's performance by 
dyqing the water inside it black. A novel idea, I had 
thought. Shurcliff said, ''Hmmm. Black water." From 
the shelf over his desk, he pulled down a thick loo.seleaf 
notebook* looked up "Black Water" in the index— v I 
think books 'without indexes should be banned, don*t 
r^*ou?"™;;and proceeded Xo read off a list of about five 
cmnpanics and 'Mone/woir* inventors who'd tried it. 
And then there wotc several people with hot-ai/ 
systems who had tried black dust. "So you see ther^^ 
been quite a lot on that." -. 
Shurcliff is tall and thin and he speaks in the accent 



that in general other people's, ideas were more inter- 
esting ^than 'his own, and so he became a cataloguer, 
tiie first and, untjl recently, the only cataloguer of 
^s^ y-heating ideas. 

At least once before, Shurcliff has devoted himself 
to a cause. He is generally credited with a large role in 
the successful campaign against the SSY; mainly, he 
wrote courtly, threfitenirii letters. These days he could" 
be described as a solar advocate. "This world damn 
' well needs solar heating,'* he says. 

Shurcliff does' believe that the sol$r»heating art can 
" be practical, but he is aware of the problems. "Hur- 
dles," Shurciiff calls Them, disdaining, the ordinary 
word. First among them stand the questions of cost, 
durability, and performance,* In an industry so hew, 
durability IS hard to predict, but it is assuma^4^^^ ^ 
good system ^ill last twenty years, To 
^measure the cost and performance of 
the system, one must weigh the pur- 
^chase price with interest and- the 
yearly maintenance expense against 
tbe savings the system yields in fuel 
^ or electric bills. But there are dozens 
of unknown variables in any cost- 
(tenefit equation. How much fuel in 
any given winter would a brand 
new house use if it weren*t a 
solar house? What, will be 
the rate of inflation, 
where will interest 
"^ratei stand, ^hat Will 
maintenance\ cost, 
and, the crucial ques- 
tion, what will be^the 
prices for gas, oil, 
and electricity? Will 
th^re be enough of 
those commodities to ^ _ . ,^ 

go a round, "come January 1 985?' Several studres have 
attempted to deal with the qjeononit question and 
several have concluded that solar heating is practical 
todays But those conclusions are based on a plethora of 
averages, and there really is no such thing as an 




William Shurcliff 
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' a^rage sdlar-Hpa^ihg systero, p avaragb house* c^, in 
'many places, Staverage winter! Shurcllfrs^^ 
riliable/ile hpptudi^d "particular systerm.CHe think^ 
,thal at lifcast SO^Bihcl maybe 97 percent otthem aren't a 
bargain^ not as ihgy are measured beside '^d^y*s gas 
and oil prices^ ; , 4 • ^^ r / • 

*~-HaM^enoughrt heniTio mafcc a so!aT^hcit!Tig*system- 



ffeems perfect for all climates, but that is no real prbb- 

'Tm willing to go put on a limb/* ShufelifT told me, 
';^"r thmk'! that there will be dozens of winding 
themes."- « " \ 
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pay swhen it*s installed on a new house designed with 
the sun in mind. "How much more difflcult it Is," 
extelaims ShurcliflT, "to "retroftl* solar heaiiflg|td an 
existing, badly insulated, imperfectly oriented house in 
a region crowded with tall trees or tall neighboring 
buildings!'* Perhaps householders will be persuaded to 
undertake retrofits as home improvements or as secu- 
rity: against some dark, cold, fueNlels winter. Maybe, 
as ShurclifT suggests, some will decide that it's fffh, 
"like owning a yacht." But economics will weigh 
heavy, and retrofit will a I way | be an expensive propo- 
sition, like any remodeling job. * K 

Although sunshine is free, the nation would have to 
pay a price for widespread solar heating. Puttlngl the 
Systems in place would require large^moUnt^pf labor 
,and natural resources such as copper, A great deal of 
energy would be expended; it iakccahQui.flHe^b^earSifor = 
a weJUdesigned system to gather as much useful 
energy as it took to build it, A host of small problems 
must be dealt with, too. For example, experts agree 
that the most economical systems provide only par(— 
somewhere between 30 and 60 percent — of the heati'iig 
needs for ^n average hobse. So a back-up system is 
reared, and an electrical one is usually the cheapest 
to install. But thousands^^ of solar houses in a given 
area, uli^ng electricity only on cold, cloudy days, would 
force the local utility to invest in equipment that would 
be used just a few times a year. The result would ^e 
special high electric rales for solaj||hcated homes. 
^possible solution, now being inveftigated, is to have 
solar-h(^me owners turn on the power only durihg the 
uiiiiiy's off- peak hours, and use this electricity to heat 
up their storage systems. . ■ . 

ShurclitT seems a careful man. He approaches the 
future cautiously, by asking questions. But five anB a 
half years of studying the designs that now fill his 
books and filing cabinets seem to have l^ft him in a 
state of controlled excitement. "We deal, indeed, wiilh 
a ferment/* he writes. In his little office, it is 1905 and 
a new industry is stirring. There are hundreds, maybe * 
thousands/ of people banging metar in their bacik' 
yards, trying to build automobiles. Just which of these 
curious co^raptions is the ill-fated H^^^^ and- 
which the'^^lOiodel T is hard to say. But fihurclfff has 
seen a great many small ideas, and also some cohipiete 
systems— maybe 3 or 4 percent of the i^ial^ihdt 
sho\v definite" promise. They look cheap and they 
work, thoi^h some seem "crude" today. No single one 



In Corrales, New Mexico, near Albuquerque, 
ihere stands an amazing private residence, not 
p house in any ordinary sense, but a^series of 
metal strllctures connecfed to each other, silvery and 
stran^ei standing in rugged, treeless terrain. Steve 
,Bier^ who created this place, vyho built it and lives in 
it^ describes the structure as "ten exploded rhombic 
dodecahedra stretch^ and fused to forn^he diflTerent- 
sizpd rooms," He also describes his home as "a qluster 
of zomes.'' , * ' 

A closer look' reveals that arrays of used, fifty-five- 
gallon oil drums, filled with water and laid horizon- 
tally behind single sheets of glass, make up the 
sQuthern„walls. These arejhe prototypes ^of The now. 
^famous (in solar heating circles) "drum walL** The 
wills are equipped with large insulating panels which 
Baer raises and lowers like drawbridges with a simple 
, rope and pulley device. He drops the panels on winter 
days to let the sun heat the water drums, and raises 
/ thern at night to keep the heat in. The walls ^ere 
cheap to build— about S5 a square foot, which is 
roughly half the cost cf conventional rooftop* collec- 
tors. They do about 75 percent of the heating in, the 
zomes, Qijlowing, that is, for indoor temperatures that 
vary from about 55 to about 80 degrees, Baer, who' has 
always been interested in weather, thinks it*s fyn to 
live in a house that reflects what's going on outside. 
Some peoplq, do not like the temperature fluctuations 
or the walls, of course, "H^MI sell his stuff by word of 
mouth," one ^conventionally minded solar engineer 
told me. "Word of mouth is the only way to persuade 
people to put fifty-five-gallon drums in their livihg 
rooms," But Baer and his company, 'Zomeworks, have 
already been empioyed on some 200 solar-healing 
projects, and orders for Zomeworks devices come from 
ail over the country these days. ^ 

Out of Zomeworks comes the ^Beadwall— plastic 
beads are blown into the space within a double-glazed 
window on cold winter nights and sucked out with a 
small vacuum-cleaner mptor when the^n rises. Baer 
and his colleagues invented the Skylid, an insulated 
shutter especially good for skylights: th^ shutter opens 
and closes by itself, at the direction of two small ther- 
mostats. Baer has been a pioneer in Convective Air 
Loop Rock Storage way of using natural convection 
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ratj^er than thi^ usuaF 'mechaiiical blowjer to move 
heaiM air in and quiibf a storage system made up of 
/ sionesj. and he thoughii^ sbm§thing he calls the 
; Dbubi^ Buhblie Whe^l JDrlving Engine. Run\by the 
cflfcct of heat on bubtiffl in waterr it Mn^'be'^ 
' ^ powered, fl^ere is no end to his Invent ions. He says he 



: vyanu to BfenntTlC^lie Parker- and nev^r play the 



' ' ^ Tinferinfe with Suhlhine^ 

pretty wiiidmllls.^a win^^driven car; mar^ kinds bf:. 
waterless, tpilets, chain=saw sculpture, a teepee inside 
which fool massages were being administered, and lots' 
of booths which b^e i such names as#*Planetary 
Citizens'^and "New Bngland Institute of Appropriate 
Technology/*" Some, ^ry satisfactory'looking^ flat-/ 
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same tuhe^twice. 

Born and raised Tn California, B^er'went to Am- 
herst Coflege and left before graduation, After a stint 
in the Armyohe studied math and p%sici in Zurich, 
then eame back to the United States. It was the 1960s/ 
Baer/wanderqd around. a while, stopping in at some of 
the communQs then flourishing. There he began his 
experiments with solar heating, - 

Last summerrBafdr came back to Am- 
herst out of the West, dressed in the 
mm^ gray flanpel pants he*d worn 




^ '* Sieve Baer and his drum wail 

the first time he came to college, twenty years before. 
He is thirty-eight, slim, has ^;andy hair conventionally 
cut, piercing blue eyes, and was tanned when 1 met 
him. Someone told him that he looked like a repre- 
sentative from NASA, he was so clean-cut. I over- 
heard someone else say that he looked like Gary 
Cooper; r "" ' \ J- - - 

1 he occasion for Baer's return was the University of 
Mas5achTrsci!s*?% "Towa rd ^Tomorrow Fn if," grand 
cckbration for a dubious future, featuring music from 
Pete Seeger and speeches from Barry Commoner, 
Buckminsicr Fuller, Julian Bond, and Ralph fe<iader. 
Out on the fairgrounds, there were hundreds of 
displiiys There were firte^l^king wood stoves and 



plate collectors were on display as well. 
« Up from the fairgrounds, outsidg/a U, Mass lecture 
^hall, a huge si|n, painted in a shaky hand by a rather 
hysteri^l woma% a solar energy buff ^vhom I met 
later on, §aid, "M^LCOME StEve BaerI" The line for, 
his Jectu^ was severarhundred yards long and many 
didn't get in. They^ariissed sqmething. , * 
The first half of Baer's speech waSi a *stew com- 
pounded of ideas familiar to disci^es of Abbie 
Hoffmaji and to students of the nine- , 
teenth-century laissez-faire economists. 
It was a eulogy for the hrppTE?>qd the 
communes of the sixties. It was a lament 
for ^Sethuig he called "the free econo- * 
my," It ^«s^n angry diatribe against 
government in1(olvement in solar heat- 
ing/At one point Baer began to chastise 
Exxon for the ads it has been running in 
magazines and newspapers, cautionary 
ads about solar energy. The audience 
^showed it was with h,infi/ Bat then Baer 
seemed to draw back and eye |he crowd. 
Suddenly he was sayirig' trat tha oil 
company executives were "|ust people,'" 
'Mf we were in their place we'd do the 
same thing they're doing " And a little 
later on: "Alternate energy! 'ghat's a 
bunch of junk. It doesn't have anything 
to do with good design." And^to what 
Avas now a mainly silent house, though I 
heard some nervous-sounding laughter 
around me, Baer announced, laughing 
Acartily himself: *M^idn*t believe in the 
alternate-energy future until I saw how 
dull it was gonna be and how stupid tRe 
slogans were gonna be and hqw much J wasn^i gonna 
like it. Then I knew it would come." 

"Afto-ward, over drinks at the Student Union, Tgot 
Baer onto the^ subject of Hoyi4^otielf^i?7aid t^at 
after he had built the drum wall, he had read about. 
Hotters early ^ experiment with the watar-Pilled 
wall. ' ^ 

"He decided it didn't work," Baer said., "But thaV^ 
was because he didn't do it the right way. And he*, 
didn't keep on. If he'd been some crackpot, he might 

have. 

f 

"The crackpot is ready to explore new territory ' 
without government funding. There^s gotta be fopm ' 
for crackpots in any society." 
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- .WfiQwereibni^of t^^ in solw heating? I 



any Jargi .eompanljea Jeapted int^ solar 
heating after the oil embargo, pigketf^p 
government grarits^ and started out try- 
;ihg to apply very idphisUcalftd, expghsjve engineering 
' to the problan^ pf haating honied weniso^far as tq 
assign sblar operations^ fo Its s^ac^ diVrsiori. But-a 
^Dumber ofltompqnies thatlbeiamthis have sincey^ 
changed theiir^ approacfi an^ ;ar^ noi^ wpr^ing on/ 
conventional deiilgns. . / *r - . 
< The ^o-call^ "high-tech** apprcach genially in- 
' volves' trying 40^ ncrease the efficiency of a systf|m by 
getting th^ maximum amount tpf,'heat out of each 
square foot of collector.^ Some .gadgets tKli^ usually 
accompany this approaph* are **selective' surface"- 
(coll&tor, coatings Which absorb mdre sudight and 
emit l^s thermal radiation than ordinal black 
V paints) and "evacuated ^vacuuni tube collectors^ (in' 
p^which tubular ateorbers /are . insulated by vacuumi/ 
i riiatntaisijri aroundrM^^ high-efficiency de-- 

vices Invariably cost^«eat deal, Tlie 'ratibnale^for ^ 
"usffig them is» that high efficiency leads to reduceo* 
' collector size and thus'^ to reduced materials costs. 

Maybe someday th^ approach will yield ecbnonUc^I 
' systems, but it hain't so far. ftloreover, efficiency is a 
difficult concept to apply to solar^ heaj^g- For 
. instance, when it is cold outside, maAy js^fln highr 
temperature^cdl^ecto^ lose mbre'heat thali.lfiffflcierit, 
low- temperature ones, in which case the lo>y'^&iefjcy ^ 
collector is the more efficient. - ^ ^ 

One thi^g many promising solar-heating systems 
seem to have in.^ommon is that their inventors-are not 
connected with big companies. For the most part^^ they 
are a gang of small entreppeneurs and lone "ti^olves. 
They have worked with their own money; only a few 
have gotten support from ERDA.. Perhaps thai gave 
them a head start in the quest for economy. 
. Traveling ,^Ound, talking to^ solar people Qn the 
phone, I kept hearing of wdndarful systems, so many I 
could not examihe all of them. But here is a sampler of 
possible Henry Fords afid their solar-beating Model 
Ts: 

• Steve. Baer and his zomes. AhWough his audience 
may^be limited todayi fie ii by no maans finished with 
inventing. / 

_i 

• Than there is the man who (aught Baer some 
tricks: sixty-eight-year-old^arold Hay. Fifteen years 
ago, while working for the State Department as an 

, adviser on building materials to the governitient of 
^ India, J4ay hit upon an idea for both heating and 

' ' ^ ' R- 




, ^ cooling residenqps, a-sinri^ 
r ^ sign that would employ "a r^ni^ 

m^^rn Wesfern technology.** Hay^s flat^roof^ 
Therm house ^has ponds beneath the roof, i ' 
swimtiiiiig ^61 corttained yi large plastic bags— 
little devic^ make the system work. Powered b^ 
quarter^horsepowcrielectric fnptbr^ the insulat« 



panels open on winter day^ to catch the sun a 
^ on winter nights to keep the heat in. WarmtJ 
down from the water bags through the metal 
|he house. The first hoifie^he built in the UhitedL 
has 1 140 square feet of-living ^pace. In the 
"-t973- 1974 the house was 100 percent solar^ 
and itcari get through fouLCold, sunless Januai 
Admittedly, it stands in California between Sai 
Cisco ifnd Lbs Ahgeles, where the winter isn't 
On tKl othej hand, the^hguse |s versatile. On^ 
daysfthe roof ^tays closed and opens up^t nigh 
heat from the house scCurtfulates in the ponds 
and at night ft passes out to the sky by convecti 
radiatton. The result, according to the re 
tenants, is marvelous air-conditionftlg. The syt 
alsoch^ap— $5000 for a iOOO-square-foot hoit 
' less if ^several are built simultaneously. Hay 
developed a Sky^Therm home for northern clir 




• Felix TroifibeVof Frarfce, another of th& 
pioneers," hai approached space heatings with a. 
the Trombe, Thermosiphdning WalL A black- j 
concrete wall faces south, behind two Igyers » 
There are opetiings at the top and bottom of tt 

Cold air comes from the house through the 

. *i. .. . 

opening, is/h^ated in front of the wall, Pises as 
win, then passes through the top opening and bs 
the house, T^he system appears to be cheap, fj^e 
arid in one Kbuse in .France, it has delivered 
percent of the necessary heat. The design 
'though, from ^e iforitC deficiency of too mara 
. houses. It doesn't let much sunlight in: there's 
where one would like to have windows. 

. > .■ ^ 1 

• Many of the hurdles boIslj heating has 
mount are related in one way or ^another lo s 

i 
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in Massachusetts, Stili, it is cheaper than many 
systems, and more reliable than most, s well put 
together and it actually works, * 

• More promising, though, is the design now being 
marketed by a little company in South Carolina called 
Helio-Thermics. Inspired by jhe hotness of attics in 
conventional houses, and working under a cooperative 
agreement with Helio«ThermicSi an architect named 
Harold Zornlg and an engineer nam^ Luther God- 
bey, both employees of the Department of Agricul- 
ture's Rural Housing Research Unit in South Caro- 
lina, designed this hot-air system. Mother Earth News 
has gushed over it. Indeed, it looks like one of the 
ifiheapest of all the heating systems availabte today. 
Sunshine gets into the Godbey=Zornig house through 
a double-glazed, translucent, fiber-glass roof, and 
strikes sheets of black-painted plywood located in the 
attic, heating tifr^ the air. Some heat moves into ihe 
living space by ifselt There is also a one-half=horse- 
power blower/hidden in a closet and activated by a 
device which Helio-Thermics likes to call "a comput- 
er" and which Godbey describes as "just a plain old 
solid-state control device/* The blower drives air 
through the attic and/^own into the storage system, a 
bin containing forty tons of railroad ballast and 
located directly beneath the house's main floor. The 
system has worked well* delivering about 75 percent of 
the first Helio-Thermics house's necessary heat during 
an average 40^ F winter in South Carolina: The "in- 
crementar* cost of this system in the little prototype 
house, wfiich has 1000 square feet of floor space, was 
less thidm sJmO. For a few hundred dollars more, the 
system can a lap provide 50 percent of the energy for a 
homrs hot-water heating. These figures, which come 
from the USOX/prbbaBly make this systiem econom- 
ical today. The trick to cuttipg incremental cost, 
Luther Godbey told me, is designing the system right 
into the house, using the solar collector to replace the 



Br\4Ce Anderson and Goosebrook Hou^e 

roof, placing the store right in thd foundation. He and 
Zornig also strove to minimize the use of expensive 
components such as ductwork. 

The system is a testimonial to the low-technology 
approach. Luther Godbey drawls, think the best 
thing you can ^ay for solar energy right now is simplic 
ity " Interestin^thal the idea came from a rural 
branch of the Uo^DA and was financed by a local 
builder, not from the public co filers. Interesting that 
nothing half so economical has cume from the Naiion= 
al Laboratories, which have received millions ^n 
ERDA solar-heating r^earch gianis= 

• A list of solar-heating wizards and impoii^ni 
plodders ought to include at least several dozen more 
names than the following: Shawn Buckley of MIT, 
whose '^thermic diode'' could solve a lot of prubleniji 
for some auftiie water systems; Malwom Wells in New 
Jersey, who rnay be the world's best designer of solar 
heated houses located partially underground; George 
Lof of Soiaron in Denver, one of the grand uld men oF 
the trade and a pioneer in active hot air systtims, 
David Wright, who has roamed The Southwest design- 
ing dozens of solar houses. Including m^ny strange and 
wonderful-looking passive ones. Thire is ?^orman 
Saunders of Weston, Massachusetts^ who stands 
among the geniuses of the passive approach, eschew- 
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ing fimving paru. Hi& ialc^ii design b iht ^aundcis 
Solar Staircase, which gonsisis oka, irariilucunt plasiiw 
roof under which hang^ a tier of steps, shiny on the 
tups and Ifanspareni un the vertical faces, and precise 
ly slo^ and spaced so that^ summer sun can't get 
ihruugh but winter sun can Thtfre is 'ajso Bruce 
Anderson, mure a syntheJfzer than a pure ihvenlur 
flis new , Cjoascbrook Hquse m New Hampshire u 
quite expensive ii suld fur $70,000 four days aficr it 
went on the rnarkei, the entire solar heating system 
cast about $8000 But H s a spacious home, designed to 
be a atiuw^ilawy It wta^ea sevtial SCfand^^ logclhcr. a 
grwCii house (fur liwal as W^ll a,-* ^^'uwing things), an 
active wat^i tu^A collewtui ^y^icm and unobtruslVe 
passive fcatuics. such as a set of dwrs wtiich shdc on 
tracks o^t ui tlie g^ra^t lu insulau the -5uyih^rn 
windu^s aucf fil^lafaii ll Jit nl^ij.^i al, aolai 
house I've seeri 



Tatt; .4. hull J. A y Li j 4. alawb^ I J niK i'^it) 
whi.,e he got h^.^ uiiOtjrgraduati dggpcc ih 
physics and math; he says he learned hh engineering 
in the Coasi CJuardJ No hst can exclude Thoinason 
Quiie literal^, the man demands attention. 

Thwimsolp Career began serendipitLiusly ^ I Uu. ^ 
true story." he ^)|d rne "It was m the Read^. , i>i^tsi 
The New Yurk r/mt A^kaneU int to i^u Isdi^ 
Newton " ii was 1956. as Thomason ler.iembtfs it - 
back in the iniddL of Nuitti Caiohna farni tuUiili j a 
land of jUddcft nuiiiniti 1 hundci in^ "*TLt .Ad t^«in 
^llll ila/id.i the. <^ hw I ^ «..alltd It had 3 ! u^s ) i ^ ul 
thai made the dilict .jKc .A h^ji day hxin httithig 
dijvv,4 on it t bi4in juc#f. I liw.iit uji ail n^ar the baiii 
Suddvnl) huge jlouds Twlkd la Li jwri canu itu laln 
I ran under the uvei hang un the bam i^Kjf .wid i 
lliuugiit lo ii.)^seh '(jv>5h liial ill ^ ^u.m w .Ui | 
kjuked iij sec v^ticfc it .i.iiilu fiura Ki^jhi > A 

the old tjafn fix.< Insl^nil^ wuui *c U\ what «t 

tall a flash i.l gem us I leulif^eO what was ^Uln >ii 
rh^t n a sOiai cullcciuf there I just dashed indci itic 
uverhaii^ t ulJ wat^r nad btwu fallhT ori .n) ad 
Now he 

i 4,Hj! fhal Was Int ^Hl^Inal h..3pnatl mi 

I Ikc Narin^iii Mailci 4i»d Bi^-wni,.^ C,...b,,. 
I tluilut,^«>n ollen rcfeis to hlm.^ d in llu. U l I p.i..tin 
He v%i Ufc^ iM his newsh tl^ < s ^ I m i tui. .^^^L A Ka OlM 
and v*»iiic., ubuul HXXUN a.^J govinnni.iiU agcncie? 
who arc discouraging solai licai Or ''1>K ImOMa 
SUfy Wll L' CONTINUfc HIS CJNh MAN (UNE KAMILY} 
CRUSADE TO FORCE HUD, FhA. BRDA AND THH BIG Oil 
COMPANIES TO STOP MlSl EADING THE AMERK AN 

PUBLIC. They lead you to believe that solar 

HEATING AND AIR CUNDll lUNI NO AFPARA UJ& \S hX 



P^aivt Ihuma^On Ha^ I ml pKiM^r, ^lUi^ 
'Solaris is vhRY ipw in ^ ci^i ' 

"He's his uwn worst cncitiy," uu^n) i*a> U***.. 
L"? one ol the fcv% peupje in the business who ducsn't 
take sLfOiig eAwcption to what lb knywn as " I honia 
sun s style Baer feels he understands I honidson has 
golien a lui ut ^uod pi ess lately, his disciples now 
include a number of private builders, and ERl^^ is 
spending $194,000 to test a rhomasoii hi^me Bui it 
wasn I always su He has had a long hard time gclll,tg 

pcopte to take him seriuusty 

Sk^^l^ism about Thomas*.., , „^ , ^ , 

iy because of his style, but alsu oecausc oi ilie laiAi.. 
that he nidke^ foi hia biairitliild He sa>^ lAuii a 4 a w^t 
kA about $3500 Ills 'Sola I is" design will pun id t 9^ 
pCiCentiW the heat l.ji a tlue^ ui foui Lcd/vont ht,.iit 
In a modeialGl^ wa^m ..hmaic in whai h^ calls ' blllei 
cold Massachusetts" oi ''blllti i.uld Minne^uia ' he 
says ht t,an gel you / j p, . ,.ent l\,. J4id(] I lils Is at. ^ul 
half the ct*sl of rltosi good t^cthc systi.ms and ttio 
peifvJrmancc lie txjast^ of Is 20 or JO peiccni ibeiler 
than most ' ' 

His Colletlu! Is eSSenllajly h corrUjgaltid aiujiUliuJii 

barn roof, J)ain£ed black and covered with a single 
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layer^f glasft which is a^ut as simple and cheap an 
solar collector can get. Water flows in $ thin 
stream out of holes in a pipe that runs ^long th^ top of 
the collector. The water travels down the corrugated 
valleys into a gutter, then Mwn to the basemi^nt into a 
1600- or 2000-gallon water tank sarrounded/by ston^. y 
The water heats the stones, a blowef tal^s the heat ' 
i'rom them and sends it into the hous6. The U,S. 
Departn^ent of Agriculture and Professor J Taylor 
Beard of the University of Virgwia have Lesied the 
Thomason curiector. "Tht results of those tests 
shocked the nation/' Thomason told me. In fatt. wlmt 
they showed was that Thom^son^i collectors are quite 
efficient, when theyVe operated at low temperatures. 
And that is hdw they operate; that's the trick, accord- 
ing to people like Bruce Anderson^ who is executive 
editor of Soia^ Age, author of the new book, Soiar 
Energyi and a designer, and who installed a Thorta- 
son-style collector on the Goosebroofc House. What's 
more, this collector seems to be virtually indestructible. 

I heard allegations that high humidity and mold on 
northern interior walls afflict some ThomasQn houses. 
But a family in Minnesota told me that their Thoma- 
son hotnd was fine and cozy. They said they used only 
S25 worth of gas for their back-up healing from 
February 25 to March 25, 1977, which was a pdrixtv^ 
larly frigid month up north. The builder said the 
system cost about $oOOO. more than a Thomason unit 
should, according to Thomason But the house and 
system are large, and ihe buildef says Ue s%ds a novice 
at solar heating and laad^; ^oiue costl) inlstake^ 

Rhett Turnipsced aii ofticial in ERDA's solar divi 
sion. checked out ihis Minnesota house. *M - keep 
waiting for the oihcr ^hoe to drop/' he tuld me, 
*"Thomason's system niake^ leal guod enginf^^rs climb 
the walls It's a Pinto not a Cadillac It's Ukc a Model 
A, It'll rattle around suiac. but the Jala wuniiiig in 
looks good. a little ^u> ^n\. a vvjdget that 

works 
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A old 



barn roof, and 4U tlic arucJc whuh llKcncd I L jnn.sun 
to Sir Isaac Nawton, Sieve Bacr aaid. cli it tuuk 
^ewiun a whole heavy applw Wiih Hajiy. it ua^ Jusi 
a fbw raindrops 

Most people who are lat. . 
refinemient of solaxJ eating Jt* /.i & i/. 
- ipate a new piece W hardware thdi ?^/ill 
at once solve problems of retrofit, cost, perforrnance, 
and durability. If there is an astonishing gizmo 
coming, it probably belongs to another solar techno!^ 
ogy: photovoltaifs. 

It is impossible to explain the conversion of solai 



radiation to power without recourse to specialized * 
language, and the specialized langua^itself is some- 
times a disguise for a hrghly mysterious process. As 
one science wrinr has put it, "Ptotovoltaics is basir 
cally an incoijiprehensible drama." It is perhaps 
enough to say that ^hen s^nlighi strikes the crystaU 
line forms of certain elements— silicon,, for insjance— 
it frees eleotrons from their places m the atomic struc- 
ture and thus generates a small electric current 

The potentia! applications of photocells appear to be 
vast» ranging from central power stations to neighbor' 
hiK^ photovoltaic plants.^perhaps even to individual 
energy systems for single^amily dwelfiAgs Many who 
dream of local or personal self-suffic^enCy in energy -— 
a dream which is generally described as "pulling the 
plug on the utiliiies"— look toward photocellfeyith 
interest and anticipation, and so ^ do many solar^ 
heating architects and engineers.'' "Jlybrid" systems 
, gathering both electricity and heat for houses are ^ 
being tested. They work. The problem is thai energy 
systems employing photovoltaic cells always end up 
. costing a great deal more thart' the hous^ they're 
attached to. So far.jhe gnly practical uses for photo- 
voltaics have been on spaceships and biioys located in 
remote archipelagoes. Though photocells proved 
themselves to be reliable and durable in those applica' 
tions, power from a photovoltaic sysleni i«da^ would 
cost twenty^ thirty, or niaybe even forty times as njuch ^ 
as electrrcity from a conventional nuclear sysiem 

PhotD=elcciric cells produce direct current, uiid 
^utwe Americaii tiomes now run almost exclusively on 
alteruating current, a converter must be used Storage 
is a niore Severe impediment, the absence of a cheap 
way to store electrical eneigy affli*;ls the entire powei 
yfld^stry, ^nd a great deal 01 research is now undei 
Avay The spaqe station approach lu photOv'oltaiy 
ayatCiiiS is in essence a piuii to ^el ai.juiijJ the storage 
dilemma putting the cells in a place where the sun 
always shinvs, but that may t>e the nio^i expensive of 
ali possible solutions Sonie resell chers ttiiuw up theit 
harids ovei storage and say that photovollaics can 
never L>e nu^re than & supplen.cnl cunventional\jiid 
nu^:leai cenlial pctwei sta|lun enei^^ Sohi& look l%j 
flywheels and tt. su^fi UJeas as -iioilng eUwlilv pOwci Ii.i 
undergroand ca/erns in the form ol coinprwssed ^ir 
Some feel tht answei lies wiih the good old lead u«> id 
batleiy, 0\ maybe with the sodium sulphur nigh lein 
perature battery, which is being developed fur ele^^lii^ 
cars TcKlay, the wirmg and packaging of ccHa 
accounts for about half of their c^>st. At the One plant I 
visited, assembly and packaging w6re being done IabD= 
riously, by hand. Cheaper lechniqueii must be applied 

'"5"' - . . . " 

Inexpensive ways of instalffng ajrays of cells liiu^i abu 
be found, and ultimately bac^ard inventors such as 
Thomason and Baer might be enlisted in thai cffon 
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Looming uver aH uihcr iTupcdiments tuday, ho 
■'- ever, h the cost of the photoelectric devices then^ 
selves, a jgroblefii for solid-state physicists, not for 
sola heating wiiards. The inatCTial useq most often 
for^ the absorber plate, whrch \h i.^Jceirs main 
component, has been sihcon, the sepond m^st abun^ 
dant elemcni on earth, after oxygen. But producing 
singie^crystal mlicon hasn't been cheap In. the past a 
high-pufity, eyJindricai ingut of crystal sihcun was 
drawn frum a crucible and then cut hke a bulognii in 
sheet?* a t'S^Hhou^sandths of an'inch ihick It wa^ 

work. A lul uj hand labqi v^aa iC.julicU Up lJ*^7^ 
pcrcefit ul Ihw silicun was \oi,i in ihc for in uf txpen?*!vq 
?»iiwdusL Then, several years agu, r>cu Labs in 
Waltham, Massachusetts canie across a way of ''grow 
ing'-'the silicon crystaLin a ver^ thin continuous sheet, 
which could be scribed iind cut with relative ease and 
little waste. The process is now being refined by Tyco 
Labs Solar Energy Corporation, BObercmi-Q^which is 
owned by Nlobil Corporation McMl^^^'s work is 
considered to be among i^hd'must efejmising ap- 
proaches in the photovoltaic field, but /here arf many 
others --Back^ partly by federal mdTiey, about tifty 
organizations liave jqined the se^eh fur A cheap 
phgtoccH Invesugators include ujnivci siiies ndtloiial 
laboraionds, small companies, 'and large concerns 
such a^ MotOFola. KC A. Sliell, H^un^Iexas In^iru 
^ mcni-s^ and Rockv^^cll ! nl<=i naiiOiial 

I talked lo represcnltiiivcs fiuii! ^lubtl i>Cu, nwi*. 
bRl)A s .!iulai division, front ^jolar i^uwei i ofpoidtiun 
<an Eaauh subsidiary) fPOni I inColn labuifiloiy 
OplinilsfTi Vsas gtiieial I uc cu-^i i>I pluiU. tJeCliK gclLi 
has alicaUy 4^unie duv^ .1 frum jUi>jI pci lo 

about' $13 jiid Suiiiu f ^heai iu;r^ »^i4iiii thtii i fic^ ll 
have Ihc pn^^ d.iWn %2 a ^aU \. hhln ific iuaI two 
years bKD^ naS de^iued it, at Ih^ ^cHa ^ill t,uat filly 
mms a N^ali b> the inid 1^80?, u.id ^^ ineihing like 
thift) 4.^fiU !i, ih.. I9^0s f v^i, ai hi a ^ali Logc u..^ 
nvaiktis _^fu ulJ u| tii u^i tif..iii,>M dh it/e.^ I lie t tje.^ 
ihMi bui siiini; rcheaich. 1^ ^^el 1.1^1 .ii iinr*y nis u 
wall phuiuvollaU *.ells w^juld gi.ib \ able eliunk .>f 
the r J^»^dcntial inai kei 

1 he eeurionuws iL. l.^. J .Si. , i,,ii 

11 iifctTi 1,4 i n thus^. Kit lliv pf»uU>^ IK u.id v iiiiUiieU k s 
lluwlea! fv*.3l*,!i wtiUti ha=. >el Lu bw pi. IwasU w 

cVCn \i\ a lab^»/alOi) lln. pf,.ili elvtiiU a. I Is \ai 

adva/icea T'^everiheles^ in /is«=til N /H ihe ^vwi ai^.^ni 
will spend six liiues inu/e nriunev ^mi ii.^iun isa^x^. 
imits more on the breeder than .>n pfiuioc^^Ts ^nd if 
the $60 nullion allocated ptioiu\ oliaUi i^i l97H 1.-, 
too liUjc, as some rpeai ..fu rs sa) LRl.) ^ ^ill sull 
have trouble handing, out ihc loot t RL)A has only 
(our people workiflg i'h phuU)v.)|laiv.> (ilven I fig lules 

of the Washlnglon funding process, /our is pitifully 
small number to go with 560 million 

i" 



n a favuru^Jsion, ili^ auientr.^. w iHram von \ix 
foresee* a change i/i the h.irdwajc hanging 
from the* elecif ical tiansniission tower.^ thai 
stride in alF direeiions ^oss the United States. Thtse 
tall baekbones^f the central=po^r-staiion approach 
to heat and light are stripped ^their high^ension 
wire? Von Avk m>agines wind^mh auachcd to tbcfn 

lih-iiead = ^ ^ 

\ .^enl,H ItiOiJ.i ai il.t \^ i I^J^ ^ ^.n -t., if l.i 

i .jUluie^ von Aix fia?. been a professO, al Mi l and 

consuItant^O a wide vurieiy^ji sciennfie afeencic., sueh 
tis the Naiiohai Science LouYidHUon, NaSa and the 
National Academy of ScicifcCes ( hanging the due*., 
^ tion of b1s research every-4cn years or so, "u. avoid 
gomg stale," he has worked "in and betweeri" the 
fields of asirononhy, meteorology geology and ov^an 
Ography. 'TVc wanted to understand the phy^ieal envi 
ronmeni of ^lan/' he explain^. T^hii inquiry has led 
him finally to the 4^emhMcirig|pel^ of eneig) 
has apprdached it. partly/'as a guy with ^ ankee 
nuiiy Idoking for the '^odel .F " 
But he hadn't found that thing ol 
things yet, * % 

Aniong other roles, vqn Ikrx is a 

. ..nsullani tu tf»u ''Nsi\. MeheinlstS/ 

a legiun ol biJofci^ah. a. iJntecis, and 

lapsed a^adennes Lui ^ed batkyaid ii, 
v^UOfa wfuj are sludyu.g way?* lo n 
lyodcrn leefoioK.gy inlo "clo: , d 
Ijfejp bl,augU.al sysUai.^ s) leUih In 

whieii fUjihni^ eau be dit aided 
used up Witii irupunll) 

whkJ. In llial ..wMSC aic 




tended as mctapriorsior ^he earlli itself. Ai a cosi oi 
about $1000, yon Mrx has buiH a solar pund ihe 
fiqid behind jNewy^lchem^^^i headquarters, near 
Falniouih ori Ca^ Cod, Thi^ shaUow coo^^reie pKX)!, 
which is rt|]4d v^lh water^ brine, and parliSes ol coal, 
is about miccp feet in diameter and produces some 
four fcilowaft/ of thermal energy by just sitting in the 
sun eriougK heal, von Arx mainiains, to warm about 
a third of a/typical Cape Cod house. But the pond idea 
is o\4 and alrcady wclUinvfcsiigatcd/principally by Dr 
kicfiiy rabor ut israel and HS pussiblc upphtatluns 
iippear lu be severely linijlcd Von Arx has also drawn 
up plans lor a^ommuhity heating system, suitable for 
suburbja* whM^ cinploy^ underground aqiififers to 
*iiore summer heat for winier use. A group in Te^as \s 
vvorkmg on this, too It is a" promising idea, yet un 
lesied. Today, vbn Arx remains primarily a iheorisi. 

He lives a few i^iiUs Iron^^ his pond in an dir> 
ihodein house surnounded by vegetable gardens, on a 
hilltop overlooking Buzzards ^ay An elevcn ihch tele 
scope is set up on the grounds. Tht. iiiorning of the firsi 
day of last summ^er found the Windmill near his Iront 
door chaUermg away in a g^^iuk southwcbt^i ar^d von 
Arx inside listening to a pubJii; radio broadcast of the 
Lai\iaji celcbialiun ut the ^Uiaa^f^i ^obliv^ an 
cienl solar rilc l~|e is a rtian of medium height 
vlgofuus and nius<^ulai' tlsOugh a jMM.ilgloUS si.iokwi ut 
Pall Malls He will run name hh. age "1 in's im) I nt 
ovci alAly He wa5 weai liig SiiOr ^ 5 aiiji ^^^iidii L , ti * 1 
feUl and ci ».Josw trt.pped while lN;ard. Von /^ik lias a 
wii^ ui nu^king hia cye.'i li^ea. io grin, H^ uav.s ihi^ 
gcsl.iic and olhui morJS^nveiii! jjuil amlle^ 10 k{\i,Alt) 
StaKitunts like iliCSiJ « ui i Iwd ubi^ul li^ig 

LCI III tulnri, ij ttierejfL. i.) be u K-jsg ttiiru It. uic (>t 
"Thd ihieat of pK^/ui i^M-i ..^ tal Hilghl.tl iha s ill. 



!iicd|.< haji le>i u.. to bcllc;vc 
phia.-i^ l.i 4^(1^! ' 1 1 ;t tin.t I 

,jione »vi,h von s\a wfiti.'* of 
nioVefeicnl vyhu h has bcgUJl "a 
Industrial ^ihlw' In a phru ,c 

luVfc U> li.U=i.k t ivlji^ dcsCilLti^ 
"\,a i.iOullagt J { / lis > pLi^a.^i' 
hiitd io know Ju .1 uou j>ci^,u^.!w 
nil^hi Bu. AlsU I* t 1.^ 'd. 

^alhtn trig., llkt ih. Iv>v ,uU I iiii.iii^v 



I ,.piy j [i^, 1 1 iia 11 . iCat 

.il iJx, I a ^ I a ligi Kit 
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., > ^ I. ill, 

. . Adinjn\(^i.>j ul lUit 
iiK h his iitfW:. su . It., 
ifii niovciiu III .kA 



lou,^ 



Indecci^ 
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coQvmccJ. on May:* 
hw is one .>f/lhK-^ omft^oh 
ci»d «rcdiDlc\sf>Okesnicn. 
energy "Irorn a global p 
afgufnenl repioduues the, 
m a c he r s nia 1 1 h s bca u 1 1 f u I 
and space expluicrS per.s 
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but 



ii J rroi^i su< mcvtniM 

>H«^ says / he is K^ifkitl^ r.tii 
u\ vltw His >inuous 
ovni'T iirid ih*=. h ' Schu 
ke. but from u naturalisfs 




t'vei sirij^^he ( ru 




iadeb, vuji Ata believes, niaiikind hgs tfeate^i th*. 
planet \$ it U were "an #pen cCoS»y.5ieni " To him, 
nuclear encigy is merely anuth^ attempt to pcrpetu 
a,ie tftte-danicrous violation of *'ihc limits naii^^l 
abundance." We must use \cbs energy absuluiely, 
® feels, aiid muwli niorc "ol what we use must be of the 
renev^abk kind This woald bi. the ideal I o live by 
ihe naluidi rcgiknen of the sun/' 



ij s tit lit 4! ! . w'lu 1 jwfi^ 01 .a,,t 

ei^.lt a(v sniaii le^i,iUih>gltis ''such ^olat 

heaiiiig aren't likely to be insignihcant. 
Bruce Andersoff conierids. ■'(iut- of= »olar heating 
ponies energy (^on^^i vailon I he etiori lo waiin living 
f^ms with sunshine does seem to hsivc giveri solar 
h^a ing engineers and people who live in solar houses a 
new a war eness' of energy, how hard 11 is lo ^alhei and 
eoniain, and how precious "In-tw/ati^ before you in = 
.vu/ale, ' has t>cCume the first principle of the trade 

Riyclations eome from solar healing I have in mind 
the sort of thing which the suiy Hve year old tut re 
preneuf John Beiols told n^c while wc weic. adiiutltig 
one of his elegant ex^^ensive. solar heated Acorn 
Stfu^Uiics "It's fan Las tic whai volumes of energy 
we re used 10 having m a hvjuse " mused Berms *'You 
kuuA hiiVing d iwu ijiillu.i an tiuui oil tuinaCe 1.* y%#ur 
I 1;^ Ilk . having a bul|du4c^ d.jwn ihefe. And 
I ha is a p^fitiy |M.werlul pl^ce ol niiii, hlner) , a bulido/: 



liij i ^uiiiig lid ii the .lej :iOl^i 



t... . I. ill 

^l^iilh a ^.i ui t 

aiii^ i ti, ii ,Jai. 
Mat. ^ctl u tc I iiictl ^jti ! t ,L Ipa ti\s n. ti f s ncf ^y JiL li:. 
.^iM.h i i\u aiJi^nily pro-nUi-leiii K> prcSeniathe Mlkv, 

i .a uuiiti illy e^selusive >A't miai h>..k lo txAh in 

Ihi. / uU I ^ I h ) s,i ) a[)J iii^ be < \i<.y a . c > ight n\ pi 

Lh^4 I Igilih Bill i^i iiAiii iti^oilj..^ U) . i«,ppi fJ it^iie^ h< 
it a I i t u hl n t^i 
L.oiii^^a i 1 IjIc 

Oil Aiig.. , (. 4 i 

. . lUii. ^ iih 1 1 ^ . J ,1. 1 

«lt Jp|.jt J (ill H j J3tiliiib4 

ih .i U: i ! ha ., . .,.1 

hi t J ti^ I 4 L u ' 1 1 ^ 1 i t . a 

.1 ju . .ill... I ...1 

s.j > K^L 4, f ti .it 1 1 tJi 1 i ii j.K h 
a.. .K .Iljly alhii li. 
alwne. tejiL, a .^ay ul h.,ge 
ihc s».}hii advi,t^t4ie,s have leJctintJ ihc i?^sUe.^ In ihelr 
I he 1 01 IC flohu liietinulu^tes .-^ccK /nl) lo i.olle*-i Uit 
energy v. hich naturu has provuled. while nuclear 

t ^ pU)ru 1 lijn.** fi, c siHiglil U) j.tiictialw 1 1.C sCwi ,. is of iht 



u hiiologii i icprescni are ^ oi 

r < i.l. 1 . uniaM 1 ^ J (1,, 

1.^1 ti! iti^ u iiiii) ih I h id ( .f^it 

!i,^ 1 
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i.t^ if «.>!!! ^l.U.H l\\ i vliill 
.i^ai.l.sl ih ^ tiu 

i fi. , Aat ill b^gih aing 

1 til. iJda .i/ tialit|§ ihls 
.:|.Ul .JUl p se, had i/CCn 
Jut^h Jj j uWCi' ^^u.ihJ bt an 

;eUii>g liiiosinaia tiui i.jw 
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' sun and have set about recreating versions of th^ solar 
'.furnace' on earth by imashing atoms. To the^olar 
advocates, nuclear energy stands for an arrogant, 

.^iiggressive allempi'jo maffer nature, while the ^olar 
abroach is a hurdle, passivj eflbrt to mak^ peace 
withr the planet s 

©utside Bill von Ar^'^ front door the little windniill 

* is^vhirll^ in the freshening breeze off Buzzards Bay 



. Tinkcnng\dth>Suffshi'rte 

^ . . ■ ■ 1^^, 

VtJTi Ata stands conlemplatin^^iis pieue'^uf ma- 
chinery, which lookM like fhe skeJeton * anMiirplane ^ 
with the propttllerptill intagt. mounted 'a tripod 
' some Uifl^feet ialj= "1 thinkliTbcautifuL" hfeWys. And 
.then ^e points up loward the morning whicfi 
'supplies tfie force that drives /lis windmill; ^d grin- 
timg. hc^^plains, "That's a safe distance for a niidcar 
reactor And it rum unattended, you sec '* H ' . 
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